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PREFACE 


Contract  DA  49-092-ARO-33  was  awarded  to  the  Science 
Services  division  of  Texas  Instruments  Incorporated  on  6  February  1964. 

The  award  was  based  on  evaluation  of  a  proposal  submitted  by  Texas 
Instruments  in  response  to  RFP  No.  ARO-RFQ-4  issued  by  the  Arm/ 

Research  Office  on  1  October  1963.  The  basic  objectives  of  the  program 
’'nclude  collection  and  evaluation  of  a  bibliography,  identification  of  authorities 
and  depositories,  an  inventory  of  maps  and  aerial  photographs,  an  assessment 
of  the  state  of  knowledge,  and  the  identification  of  research  gaps  and  remedial 
recommendations  to  fill  identified  gaps  in  knowledge  of  the  humid  tropic 
environment. 


The  contract  provided  for  a  multidisciplinary  effort  extending 
over  a  35-month  period.  Approximately  130  man-months  of  effort  were 
involved  in  fulfilling  the  objectives  of  the  study.  Administrative  and  mana¬ 
gerial  functions  were  performed  by  Harvey  Vogel,  with  technical  responsibility 
for  the  program  assigned  to  Harvey  Vogel  and  Jack  R.  Van  Lopik.  The  pro¬ 
gram  was  conducted  on  a  task-force  basis,  and  various  individuals  were 
assigned  responsibility  for  specific  areas.  The  voiurna  and  chapter  headings 
of  the  program’s  reports  provide  a  convenient  outline  for  indicating  contri¬ 
butions  of  Texas  Instruments  program  personnel. 
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INTRODUCTION 

A.  DEFINITION  OF  PROJECT 

1.  Scope 

The  Army  Research  Office  defines  this  project  as  an  inventory 
of  geographic  research  and  evaluation  of  the  state  of  knowledge  of  the  humid" 
tropical  environment. 

2.  Purpose 

The  project  has  two  indicated  purposes:  (1)  to  provide  the 
information  needed  for  planning  and  management  of  future  research  programs 
and  other  efforts  that  are  designed  to  improve  United  States  Army  capabilities 
in  humid-tropical  environments,  and  (2)  to  direct  the  attention  of  organizations 
performing  or  supporting  research  and  individual  scientists  to  the  significant 
research  problems  and  opportunities  in  the  humid  tropics. 

3.  Aims 

The  specific  aims  of  the  project  are  to  provide  (a)  a  compre¬ 
hensive  overview  of  the  published  literature  on  the  environment  of  the  humid 
tropics:  (2)  listings  of  the  major  individual  authorities  on  humid-tropical 
problems,  principal  depositories  of  environmental  information  on  the  humid 
tropics  and  all  institutions  primarily  engaged  in  research  on  the  humid 
tropical  environment;  (3)  identification  of  current  environmental  research 
activities  concerning  the  humid  tropics;  (4)  critical  evaluation  of  the  state 
of  knowledge  of  different  elements  of  the  humid  tropics;  (5)  identification  of 
the  significant  gaps  in  knowledge;  (6)  identification  of  the  major  barriers 
to  the  advancement  of  knowledge;  and  (7)  identification  of  the  recommendations 
to  promote  the  advancement  of  knowledge  of  the  humid-tropical  environment. 

4.  Product 

The  investigations  to  accomplish  the  aims  of  the  project  have 
resulted  in  five  products  presented  in  two  volumes. 

Volume  1  is  the  KWIC  Index  of  Humid  Tropic  Environmental 
Literature.  This  volume  contains  a  bibliography  of  14,  515  document. 
Approximately  10  percent  of  the  titles  are  accompanied  by  abstracts.  The 
indices  list  58,830  keywords  and  9170  authors. 

Volume  2  contains  the  discussion  of  current  research 
activities  concerned  with  the  natural  environment  of  the  humid  tropics  and 
the  gaps  in  information  on  different  topics,  the  evaluation  of  the  state  of 
knowledge  and  the  re<  mendations  for  its  further  improvement.  This 
volume  also  contains  tl  ee  appendices.  The  first  lists  and  locates  1117 
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major  authorities  on  the  various  elements  of  humid-tropical  environments. 
The  second  lists  and  locates  333  depositories  of  materials  dealing  with  the 
humid  tropics.  They  include  libraries,  herbaria,  zoological  collections, 
and  research  institutes.  The  third  is  an  inventory  of  the  coverage  and 
sources  of  aerial  photographs  and  maps  (topographic  and  planimetric, 
geologic,  soils  and  land  capability,  vegetation,  land  use,  ecology  and  forest 
inventory)  of  the  humid  tropics. 


B.  DEFINITION  OF  RESEARCH 

In  this  Inventory,  research  stands  for  both  basic  and  applied 
research.  The  National  Science  Foundation  *  defines  basic  research  as 
"the  search  for  and  understanding  of  the  laws  of  nature  without  regard 
to  the  ultimate  applications  of  the  results"  and  applied  research  as  research 
"with  practical  objectives  in  mind.  " 

P.  Auger^,  in  his  recent  survey  of  the  main  current  trends 
in  scientific  research  for  UNESCO,  observes  that  "At  the  present  time, 
this  classification  into  two  categories  has  become  somewhat  inadequate 
and  it  may  be  useful  to  distinguish  two  intermediate  dividing  liaes  between 
pure  science  and  pure  technique,  the  first  separating  fundamental  research 
into  free  research  and  oriented  research  and  the  second,  separating  applied 
research  from  development  work.  " 

"F ree  fundamental  research  or  pure  research,  "  Auger  notes, 
"is  generally  the  work  of  an  individual,  or,  at  all  events,  there  is  one  person 
who  plays  the  leading  part  in  the  progress  of  the  experiments,  in  the  theoret¬ 
ical  planning,  in  the  determination  of  operations  and  standards.  "  A  century 
ago,  the  individual  "pure"  scientist  was  responsible  for  all  aspects  of 
scientific  investigation.  Progressively,  the  responsibility  for  systematic 
accumulation  of  data  has  shifted  from  the  individual  scientist  to  the  oriented 
or  applied  research  organization.  The  "free  fundamental"  researcher  is 
concerned  more  today  with  specialized  studies  of  the  interrelationships  of 
phenomena  and  conditions. 

Following  Auger,  the  present  Inventory  can  be  said  to  cover 
primarily  "oriented  fundamental  research,”  which  includes  the  systematic 
surveys  of  environmental  features  performed  by  scientific  and  technical 
agencies,  and  "applied  research,  "  which  represents  investigations  channeled 
to  defined  objectives,  such  as  the  study  of  soil  trafficability  to  determine 
the  suitability  of  areas  for  vehicular  movement. 


C.  DEFINITION  OF  HUMID  TROPICS 

For  the  purposes  of  this  project,  the  Army  Research  Office 
specified  that  the  boundaries  of  the  humid  tropics  essentially  would  be  those 
drawn  by  A.S.  Kuchler  on  his  map  prepared  for  UNESCO  in  1959  and 
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published  in  the  Geographical  Review.  ^  Kiichler  based  his  delimitation  of 
the  humid  tropics  "on  the  relative  absence  of  paucity  of  xeromorphic 
features  of  the  vegetation."  However,  he  noted  that  "Xeromorphy  increases 
gradually  as  the  climate  becomes  more  arid,  and  it  is  therefore  not  possible 
to  draw  a  precise  line  of  demarcation  between  whac  is  humid  and  what  is 
not  humid."  At  the  same  time,  B.J.  Garnier  delimited  the  humid  tropics  on 
the  basis  of  climatic  criteria  for  the  Comrriosion  on  the  Humid  Tropics  of 
the  International  Geographical  Union.  F.R.  I  osberg,  chairman  of  the 
Advisory  Committee  on  the  UNESCO  Humid  Tropics  Research  Program, 
observed  that  "As  will  readily  be  seen  by  examination  of  the  (two)  maps, 
the  basic  patterns  of  the  boundaries  are  different,  even  though,  in  general, 
the  humid  tropical  areas  are  the  same.  " 

In  the  course  of  the  program,  various  modifications  of 
Kuchler's  definition  of  the  humid  tropics  were  made  with  the  consent  of  the 
Army  Research  Office  (see  Figure  1  and  Political  Subdivision  Key). 

In  South  America,  very  small  areas  of  Argentina  that  fall 
within  Kuchler's  limits  of  the  humid  tropics  were  eliminated.  A  major 
change  was  the  omission  of  the  Ethiopian  upland,  which  is  a  non  "contiguous 
part  of  the  humid  tropics  in  Africa  as  defined  by  Kuchier.  It  may  be  noted 
that  this  area  is  not  considered  a  part  of  the  humid  tropics  by  Garnier. 

Since  only  small  areas  of  Mali,  Upper  Volta,  Somalia,  Southwest  Africa, 
and  Bechuanaland  are  included  in  Kuchler's  delimitation,  they  were  all 
excluded  from  consideration  in  this  project. 

Finally,  the  map  by  Kuchier  does  not  take  into  account  the 
Pacific  Islands  northeast  of  Palau.  From  this  region,  the  Army  Research 
Office  chose  to  include  only  the  Hawaiian  Islands  in  the  ..real  scope  of  the 
project. 


D.  PRESENT  INTEREST  IN  THE  HUMID  TROPICS 

Long  a  region  of  colonies  of  European  nations,  the  humid 
tropics  have  been  in  the  process  of  acquiring  political  independence  for 
more  than  a  century.  With  the  recent  creation  of  numerous  autonomous 
countries  in  Africa,  Southern  Asia  and  Oceania,  the  process  has  virtually 
reached  its  completion. 

As  a  group  the  humid-tropical  countries,  both  new  and  old, 
belong  among  the  developing  nations  of  the  world.  In  the  past,  their 
natural  and  human  resources  have  been  neglected  or  used  without  regard 
to  the  stability  and  growth  needed  by  independent  countries. 

The  urgency  of  the  demands  from  the  humid- tropical 
countries  for  assistance  has  enlisted  vast  support  from  intergovernmental, 
governmental,  and  private  organizations  throughout  the  world.  So  far, 
the  support  has  served  mainly  to  indicate  the  obstacles  that  must  be  over¬ 
come  before  the  development  of  these  countries  can  proceed. 
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POLITICAL  SUBDIVISION  KEY 
TO  FIGURE  1,  THE  HUMID  TROPICS 


1  Barbados 

2  Bolivia 

3  Brazil 

4  British  Guiana 

5  British  Honduras 

6  Colombia 

7  Costa  Rica 
3  Cuba 

9  Dominica  Island 

10  Dominican  Republic 

1 1  Ecuador 

12  El  Salvado.- 

13  French  Guiana 

14  Guadeloupe  Island 

15  Guatemala 

16  Haiti 

17  Honduras 

18  Jamaica 

19  Margarita  Island  (Venezuela) 

20  Martinique 

21  Mexico 

22  Nicaragua 
2  3  Panama 

24  Paraguay 

25  Peru 

26  Puerto  Rico 

27  St.-  Lucia  Island 

28  St.  Vincent  Island 

29  Surinam 

30  Trinidad  and  Tobago 

31  Venezuela 

32  West  Indies 


33  Angola 

35  Burundi 

36  Cabinda  (Angola) 

37  Cameroon 

38  Central  African  Republic 

39  Chad 

40  Comores  Islands 

41  Congo,  French 

42  Congo,  Belgian 
4  3  Dahomey 

44  Fe  rn*ndo  Poo 

45  Gabon . 

46  Gambia 

47  Ghana 

48  Guinea 

49  Ivory  Coast 

50  Kenya 

51  Liberia 


52  Madagascar 

54  Mozambique 

55  Nigeria 

56  Northerr  Rhodesia 

57  Nyasaland 

58  Portuguese  Guinea 

59  Rio  Mur.; 

60  Rwanda 

61  Senegal 

62  Sierra  Leone 

6  3  (Southern)  Rhodesia 

65  Sudan  (Anglo-Egyptian) 

66  Tanganyika 

67  Togo 

68  Uganda 

70  Zanzibar  and  Pemba  Islands 


71  Andaman  Islands 

72  Burma 

73  Cambod’a 

74  Ceylon 

75  China  (Communist) 

76  China  (Nationalist) 

77  India 

78  Laos 

79  Malaysia 

80  Nicobar  Islands 

81  Pakistan  (East) 

82  Thailand 

83  Vietnam  (Nortu) 

84  Vietnam  (South) 


85  Australia 

86  Borneo 

87  Brunei 

88  Fiji  Islands 

89  Indonesia 

90  New  Caledonia 

91  New  Guinea 

92  New  Hebrides 

93  North  Borneo 

94  Palau  Islands 

95  Papua 

%  Philippines 

97  Ryukyu  Islands 

98  Sarawak 

99  Solomon  Islands 
100  Timor 

1 1  3  Hawaii 
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Figure  i.  The  H  imid  Tropics 
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The  assessment  of  the  present  state  of  knowledge  is  one  of 
the  first  problems  to  be  faced.  The  present  project  deals  with  this  problem 
in  respect  to  the  natural  features,  which  include  the  basic  physical  resources 
of  the  humid  tropics.  After  examining  various  features  separately,  it  was 
observed  that  the  state  of  knowledge  is  much  the  same  for  each  type  of 
feature  and  all  parts  of  the  humid  tropics.  The  common  needs  were  found  to 
be:  more  detailed  information  of  the  natural  features;  more  well-trained 
scientists  and  technologists  in  the  humid  tropics  to  work  there  regularly 
on  both  research  and  development  problems;  more  centers  for  storage  and 
rapid  retrieval  of  basic  and  interpretive  data.  The  common  prerequisites 
for  meeting  these  needs  are  financial  resources,  time,  and  uninterrupted 
activity. 

The  humid  tropics  also  have  been  the  scene  of  most  military 
events,  whether  resulting  from  intergovernmental  disputes  or  internal 
national  unrest  since  World  War  II.  In  these  actions,  unorthodox  concepts 
and  procedures  of  warfare  have  been  employed  more  extensively  than  in 
the  major  wars  of  the  past.  The  departures  from  usual  practice  of  military- 
art  appear  to  have  been  feasible  largely  because  of  characteristics  of  the 
humid-tropi_al  environments.  It  is  apparent  that  a  thorough  knowledge  of 
these  environments  is  a  prerequisite  to  developing  the  capabilities  of 
military  forces  to  operate  in  the  humid  tropics. 

Much  of  the  basic  information  on  natural  features  01  the  humid 
tropics  needed  for  military  purposes  is  the  same  as  that  required  to  initiate 
economic  development.  Military  establishments  can  make  use,  therefore, 
of  the  results  of  current  research  activity  fcr  non-military  purposes,  and 
can  share  an  interest  in  the  determination  of  gaps  in  knowledge  and  ways  of 
closing  them.  It  is  to  be  assumed  that  their  own  contributions  to  increasing 
knowledge  of  the  humid  tropics  will  become  useful  for  a  wide  variety  of 
purposes. 

E.  CURRENT  RESEARCH  AND  DEVELOPMENT  ACTIVITIES 

In  records  of  current  research  and  development  programs  in 
the  humid  tropics,  the  financial  and  technical  support  of  the  United  Nations 
and  its  executing  organizations  is  most  conspicuous.  Specifically,  the  United 
Nations  Special  Fund,  the  Economic  Commission  for  Asia  and  the  Far  East, 
the  Food  and  Agricultural  Organization,  and  the  World  Meteorological  Organ¬ 
ization  are  major  contributors  of  assistance. 

Fundamental  research  is  sponsored  and  coordinated  by- 
UNESCO.  Its  Humid  Tropics  Research  Program  has  been  in  operation 
since  1956;  regrettably,  because  of  a  lack  of  funds,  the  future  of  this 
program  is  in  doubt.  The  International  Hydrologic  Decade,  in  which  humid- 
tropical  countries  will  participate,  is  coordinated  by  UNESCO. 
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Research  and  development  are  further  promoted  by  intergov¬ 
ernmental  bodies  such  as  the  Commission  for  Technical  Cooperation  South 
of  the  Sahara  and  the  Inter -American  Committee  for  Agricultural  Development. 

A  third  category  of  supporting  organizations  is  the  foreign 
governmental  agency,  which  provides  technical  assistance.  Representative 
are  the  U.S.  Geological  Survey,  the  Office  de  la  recherche  scientifique  et 
technique  outre-mer  in  France  and  the  Road  Research  Laboratory  of  the 
British  Department  of  Scientific  and  Industrial  Research. 

Despite  the  importance  of  international  and  foreign  aid  to 
scientific  and  technical  research  and  development  in  the  humid  tropics, 
national  agencies  should  not  be  overlooked  as  supporters  and  participants. 
Geologic,  mining,  soil,  agricultural,  land-use,  forestry,  meteorologic, 
and  hydrologic  services  function  in  most  humid-tropical  countries.  The 
established  need  for  outside  help  and  training  programs  indicates  the  limited 
capabilities  of  these  services  generally,  but  some  of  them  can  show  accom¬ 
plishments  that  compare  favorably  with  those  of  similar  services  anywhere. 

Finally,  the  role  of  military  organizations  in  sponsoring  or 
conducting  research  and  development  programs  in  the  humid  tropics  is 
well  documented.  Among  the  organizations  prominently  identified  with 
investigations  of  humid -tropical  environments  are  the  Advanced  Research 
Projects  Agency,  the  U.S.  Army  Research  Office,  the  U.S.  Army  Engineer 
'Waterways  Experiment  Station,  the  U.S.  Army  Natick  Laboratories,  the  Office 
of  Naval  Research,  and  the  U.S.  Air  Force  Office  of  Aerospace  Research. 
Although  not  included  by  definition  in  the  areal  scope  of  the  present  inventory, 
special  mention  should  be  made  of  the  major  program  of  mapping,  description, 
and  analysis  of  the  geology,  soils,  vegetation,  and  hydrology  of  western 
Pacific  islands,  which  was  conducted  by  the  Military  Geology  Branch  of  the 
U.S.  Geological  Survey  for  the  Office  of  the  Chief  of  Engineers  during  more 
than  a  decade  after  World  War  II.  It  should  be  noted  that  the  American 
military  organizations  support  investigations  by  both  American  and  foreign 
scientists  and  engineers. 

F.  SCOPE  OF  THE  INVENTORY 

For  the  purposes  of  the  inventory,  the  Army  Research  Office 
designated  five  topics,  which  form  the  subjects  of  the  chapters  that  follow' 
this  Introduction.  The  topics  are  PHYSICAL  FEATURES}  PLANT  AND 
ANIMAL  LIFE;  WEATHER  AND  CLIMATE;  COASTAL  ZONES;  and 
TROPICAL  REGIONS, 

It  is  apparent  that  the  topics  are  broad  in  scope,  and  that  two 
kinds  of  topics  are  involved.  The  first  three  topics  deal  with  features  and 
conditions  throughout  the  humid  tropics;  the  last  two  are  concerned  with  regions 
within  the  humid  tropics,  which  are  characterized  by  ail  types  of  conditions 


8 


seiMWf  tervlots  division 


mm 


m  the  preceding  group.  Further,  COASTAL.  ZONES  is  merely  one  of  the 
TROPICAL  REGIONS,  which  deserves  special  attention  because  of  its 
military  and  civilian  importance.  Clean-cut  division  of  the  subject  matter 
of  natural  environment  into  mutually  exclusive  topics  is,  of  course,  virtually 
impossible  because  of  the  intimate  interrelationships  of  the  environmental 
factors. 


In  each  chapter,  the  elements  of  each  topic  and  the  factors 
composing  each  element,  which  are  considered  in  this  Inventory  as  initially 
directed  by  the  Army  Research  Office  and  later  the  Army  Natick  Laboratories, 
are  enumerated. 

In  keeping  with  the  purposes  of  the  project  the  primary 
emphasis  in  selecting  information  and  evaluating  the  state  of  knowledge  has 
been  placed  on  the  military  aspects  of  the  humid-tropical  environments. 
Relatively  less  emphasis  is  placed  on  the  factors  that  are  important  for  the 
economic,  political,  and  social  development  of  the  humid-tropical  countries. 
Accordingly,  the  examination  of  the  different  topics  in  this  inventory  does 
not  deal  with  the  full  range  of  investigations  conducted  by  the  various 
sciences — especially  geology,  geomorpnology,  soil  science,  botany,  hydrology, 
and  climatology — and  technologies  in  the  humid  tropics. 

Information  selection  and  evaluation  during  this  program  did 
not  extend  to  classified  materials. 
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1.  National  Science  Foundation,  1965,  Federal  funds  for  research, 

development,  and  other  scientific  activities:  Surveys  of  Science 
Resources  Series,  NSF  65-13,  v.  12,  Fiscal  years  1963,  1964 
and  1965,  Govt.  Prtg.  Office,  244  p. 

2.  Auger,  P. ,  1961,  Current  trends  in  scientific  research:  UNESCO, 

New  York  and  United  Nations,  Paris,  245  p. 

3.  Fosberg,  F.R.,  B.J.  Gamier  and  A.  W.  Kuchler,  1961,  Delimitation 

of  the  humid  tropics:  Geographical  Review,  v.  51,  n.  3,  p.  333-347 
plus  pi.  3. 


9/10 


science  services  division 


I  I  i*  U1. 


CHAPTFR  II 
PHYSICAL  FEATURES 


A.  INTRODUCTION 

l.  Topical  Elements  and  Factors 

Physical  features  in  this  Inventory  comprise  the  following 

elements: 


•  Surface  Configuration:  relief,  iandforms 

•  Surface  Materials:  rock,  soil 

•  Drainage  Features:  lakes,  streams,  canals, 
ditches,  paddies,  bodies  of  standing  wat**r 

•  Groundwater:  aquifers,  springs, 
artesian  wells,  other  wells 

The  factors  composing  each  element,  which  are  considered 
relevant  to  the  purposes  of  the  Inventory,  are 

•  Surface  Configuration 

(1)  Measurements:  relief  (micro,  macro),  slope, 
elevations,  roughness 

(2)  Characteristics  of  Iandforms:  types,  patterns, 
profiles,  dimensions,  origin  and  permanence 

(3)  Applications:  engineering  use, 
cross-country  movement 

•  Surface  Materials 

(1)  Measurements:  distribution,  thickness,  volume 

(2)  Characteristics:  grain  size,  density,  permeability, 
stability,  moisture  content,  organic  content 

(3)  Suitability  for  engineering  use:  wearing  course, 
base  course,  subgrade,  foundation,  construction 
material 


* 

Dr.  Hilgard  O'R.  Sternberg  (Univeisity  of  California),  Prof.  Benjamin  J. 
Gamier  (McGill  University),  Dr.  Pierre  Gourou  (University  of  Brussels), 

Dr.  John  Stark  (Jackson,  Tennessee),  Dr.  James  Thorp  (Richmond,  Indiana), 
Dr.  Rhodes  W.  Fairbridge  (Columbia  University),  Dr.  Charles  F.  Benne'.t  Jr. 
(University  of  California,  Los  Angeles),  and  Dr.  John  D.  Weaver  (University 
of  Puerto  Rico),  acting  as  consultants  to  Texas  Instruments  Incorporated 
for  this  program,  have  critically  review  .d  this  chapter  in  its  draft  stages. 
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•  Drainage  Features 

(1)  Measurements:  width,  depth,  volume,  velocity 

(2)  Physical  characteristics:  banks,  bottom  conditions, 
channel  form,  tides,  periodic  variations 

(3)  Quality  of  water:  turbidity,  salinity,  bacterial 
pollution,  organic  and  chemical  content,  odor, 
temperature,  potability 

(4)  Regulation  and  control:  levees,  dams,  flooding 

(5)  Effects:  obstacles  to  cross-country  movement, 
crossings 

•  Groundwater 

(1)  Measurements:  volume,  depth,  yield, 
hydrostatic  pressure,  permeability, 
drawdown  rate 

(2)  Physical  characteristics:  source, 
position  of  water  table,  periodic  variations 

(3)  Quality  of  water:  see  (3)  above 

2.  Limitations  on  Scope  of  Coverage  and  Treatment 

The  topical  elements  are  in  the  fields  of  interest  of  several 
sciences-  Surface  configuration  falls  mainly  in  the  provinces  of  geomorphology 
and  geology;  surface  materials  come  within  the  purview  of  soil  science  and 
geology;  and  drainage  features  and  groundwater  are  topics  of  hydrology  and 
geology.  The  practical  uses  of  these  elements  are  the  concern  of  the 
engineering  field. 

Specialists  in  these  scientific  and  technical  fields  will  recog¬ 
nize  that  (1)  the  Inventory  is  limited  mainly  to  those  evidences  of  knowledge 
developed  by  the  different  fields  that  are  more  or  less  directly  related  to  the 
elements  and  factors  enumerated  here,  and  (2)  other  topics  investigated  in 
the  humid  tropics  by  these  researchers  in  these  fields  are  disregarded  pur¬ 
posely  or  only  considered  incidentally. 

The  specifications  for  the  Inventory  necessitated  some  arbi¬ 
trary  decisions  with  respect  to  classification  of  information  and  organization 
of  the  discussion  of  its  significance.  For  example,  the  material  on  surface 
configuration  and  surface  materials  contained  in  Chapter  V  (Coastal  Zones) 
should  be  regarded  as  an  integral  part  of  this  chapter.  In  the  humid  tropics, 
vegetation  is  the  primary  indicator  of  soil  and  subsoil.  Because  soil  and 
vegetation  investigations  are  often  linked,  additional  information  on  soil 
studies  will  be  found  in  Chapter  III  (Plant  and  Animal  Life).  More  information 
on  hydrologic  investigation  conducted  in  conjunction  with  meteorologic 
research  can  be  found  in  Chapter  IV  (Weather  and  Climate). 
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3.  Present  Interest  in  Physical  Features  of  the  Humid  Tropics 

The  influence  of  physical  features  on  warfare  has  been  recog¬ 
nized  throughout  history  in  all  regions.  Most  military  actions  during  the  past 
decade  have  occurred  in  the  humid  tropics.  Reference  is  made  to  events  in 
Cuba,  the  Dominican  Republic,  the  former  Belgian  Congo,  Vietnam,  and  New 
Guinea-  They  alone  suffice  to  motivate  interest  in  the  influence  of  Physical 
Features  on  the  conduct  of  military  operations  in  the  humid  tropics.  The 
fact  that  these  areas  display  a  variety  cf  natural  conditions  should  serve  as 
a  reminder  that  similarity  of  climatic  conditions,  which  is  the  chief  basis  for 
defining  the  low-altitude  humid  tropics,  does  not  exclude  the  possibility  of 
heterogeneity  in  the  terrain  assemblages. 

The  recent  events  in  the  humid  tropics  call  attention  to  the 
paucity  of  detailed  information  on  the  physical  features  of  almost  all  parts 
of  the  humid  tropics  in  the  open  literature  and  other  generally  accessible 
sources.  They  also  show  the  great  importance  of  terrain  information  in 
combatting  guerrilla  tactics. 

The  humid  tropics  contain  a  large  proportion  of  the  newly  in¬ 
dependent  countries,  all  of  them  greatly  concerned  with  attaining  economic 
and  social  stability.  Most  of  the  countries  in  the  humid  tropics  have  few 
sources  of  revenue  in  developed  industries.  They  are  interested,  therefore, 
in  systematic  geologic,  soils,  and  hydrologic  surveys  designed  to  disclose 
hitherto  unknown  resources,  to  promote  the  efficient  exploitation  of  these 
resources,  and  to  generally  improve  human  activity  and  welfare  in  the  humid 
tropics. 


The  importance  of  paying  prompt  attention  to  the  practical 
study  of  physical  features  is  suggested  by  E.  B.  Worthington  1  in  the  follow¬ 
ing  statement  made  in  1958:  "Water  is  scanty  in  at  least  three-quarters  of 
Africa  south  of  the  Sahara  and  it  would  be  no  exaggeration  to  say  that  in 
more  than  half  the  region  is  the  principal  factor  limiting  all  forms  of  human 
endeavor. " 


However,  P.  Gourou  questions  the  accuracy  of  this  state¬ 
ment  insofar  as  it  applies  to  humid-tropical  Africa  and  reaches  a  different 
conclusion.  Gourou  considers  the  supply  to  be  adequate  but  points  out  that 


Personal  Communication,  February  2,  1966. 
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native  Africans  have  neither  conserved  surface  water  nor  sought  ground¬ 
water.  Water  shortages  are,  accordingly,  largely  due  to  human  fault.  By 
contrast,  Gourou  notes.  Indians  have  long  known  how  to  manage  their  water 
resources  and  accommodate  the  needs  of  a  vastly  greater  population.  In 
Africa,  therefore,  Gourou  concludes,  the  primary  need  is  the  development 
of  capability  in  Africans  to  st  dy  the  physical  features  of  their  continent  and 
make  use  of  the  knowledge. 

4.  Historical  Notes  on  Development  of  Knowledge  and  Concepts 
a.  Rocks 

The  rock  materials  of  the  earth  have  been  the  principal  object 
of  investigation  by  geologists  for  more  than  1  50  years.  Systematic  de¬ 
scription,  classification  and  mapping  of  these  materials  represent  major 
functions  of  governmental  geological  surveys.  Such  agencies  have  functioned 
for  about  a  century  in  various  European  countries  and  the  United  States. 
Elsewhere,  as  in  the  humid  tropics,  there  are  surveys  in  most  countries, 
most  of  which  have  come  into  existence  in  the  present  century.  Exceptions 
are  the  surveys  of  India  and  the  East  Indies  (now  Indonesia),  which  are  more 
than  100  years  old.  A  significant  part  of  the  total  research  in  the  field  of 
geology  has  always  been  contributed  by  geologists  in  universities  and 
research  institutes.  Their  work  is  now  usually  concerned  more  with  the 
origin  of  geologic  features,  dating  of  materials  and  chronology  of  events, 
and  development  of  classification  systems  than  with  systematic  mapping. 
Nevertheless,  much  of  their  research  produces  byproduct  information  on 
the  distribution  and  properties  of  the  rock  materials. 

Until  World  War  I,  practical  applications  of  geologic  knowledge, 
except  in  connection  with  mining,  had  been  neglected.  In  that  war  the  work 
of  British  and  German  military  geologists  on  engineering  problems  of  mili¬ 
tary  mining,  construction  of  trenches,  drainage,  and  procurement 
of  emergency  water  supplies  was  an  important  demonstration  of  the  useful¬ 
ness  of  geology.  Without  the  benefit  of  previous  experience,  these  geologists 
were  obliged  to  improvise  the  criteria  for  applying  geologic  data  to  military 
problems.  The  success  of  military  geology  during  the  war  led  directly  to 
creation  of  a  field  of  engineering  geology  for  civilian  purposes  after  the  war. 
The  latter  field  has  had  a  continuing  responsibility  for  planned  accumulation 
of  knowledge  on  the  physical  behavior  of  rock  materials. 

During  W'orld  War  II,  military  geology  v/ent  on  to  become  the 
focal  point  of  interdisciplinary  study  by  geologists,  soil  scientists,  botanists, 
and  hydrologists  of  environment  in  its  relationship  to  military  operational 
problems.  In  the  humid  tropics,  American  and  Australian  groups  made  ter¬ 
rain  investigations  of  the  southwestern  Pacific  islands.  A  large  number  of 
reports  on  geologic,  geomorphic,  and  hydrologic  conditions  in  Southeastern 
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Asia  were  prepared  for  military  use  by  the  Strategic  Branch  of  the  Geological 
Survey  of  India.  A  military  geologic  service  functioned  in  the  Netherlands 
East  Indies  in  the  war  period.  In  1947,  the  Indonesian  Topographical  Ser¬ 
vice  formed  a  Geographical  Institute  to  prepare  military  geographic  and 
geologic  reports. 

b.  Soils 

The  pedologic  concept  of  soils  originated  with  V.  V.  Dokuchaiev 
and  his  associates  in  Russia  during  the  1870'  s.  Although  it  became  known 
outside  of  Russia  in  the  next  decades,  the  science  of  pedology  was  not  firmly 
established  throughout  the  world  until  the  late  1920's. 

The  diversity  of  soil  categories  that  emerged  through  appli¬ 
cation  of  the  pedologic  concept  created  a  difficult  problem  of  classification, 
which  has  not  been  finally  solved.  Thus,  the  Soil  Survey  of  the  U.  S. 
Department  of  Agriculture^  issued  seven  "approximations"  (revisions)  of  its 
classification  system  between  1951  and  I960. 

Pedology  serves  mainly  the  purposes  of  agriculture  and  land 
use.  From  an  engineering  standpoint,  a  concept  of  soil  that  emphasizes 
physical  characteristics  is  more  relevant  than  the  pedologic  concept.  An 
engineering  classification  system  constructed  by  A.  Casagrande  in  the  1930's 
has  been  developed  further  by  the  U.S.  Army  Corps  of  Engineers  and  U.S. 
Bureau  of  Reclamation  as  the  Unified  Soil  Classification  System.  3 

Besides  being  concerned  with  construction  problems,  mili¬ 
tary  engineers  have  also  had  to  deal  with  problems  of  vehicle  mobility  in 
different  types  of  terrain.  A  large  amount  of  laboratory  and  field  research 
on  soil  trafficability  has  been  performed  or  supported  by  military  engineer¬ 
ing  agencies.  The  U.S.  Army  Engineer  Waterways  Experiment  Station 
has  not  only  conducted  extensive  programs  in  the  United  States  but  also, 
in  the  humid  tropics,  has  programs  in  Puerto  Rico,  Panama  and  Thailand. 

The  great  majority  of  systematic  soil  surveys  are  motivated 
by  governmental  interest  in  improving  the  agricultural  economy  of  a  country 
and  determining  the  lauid  capability.  Since  World  War  II,  many  humid- 
tropical  countries  have  received  financial  and  technical  support  from  inter¬ 
governmental  and  world  organizations  to  conduct  surveys.  The  history  of 
investigation  of  soils  in  this  region  predates  this  period  of  more  organized 
effort.  Before  World  War  I,  work  had  been  done  in  Asia,  Africa  and  South 
America,  mainly  by  geologists  and  petrologists.  By  1938,  a  bibliography  of 
more  than  800  titles  on  soils  of  Central  Africa  alone,  especially  of  the 
Belgian  Congo,  could  be  published.  In  a  recent  study  of  worldwide  tropical 
soils  for  engineering  purposes,  T.  Liang  examined  more  than  1200  titles, 
which  apparently  represented  only  a  sample  of  the  existing  literature. 


Among  the  soil  scientists  who  have  contributed  notably  to  the 
knowledge  of  soils  of  large  areas  are  C.  F.  Marbut  (Africa,  South  America), 
G.  Aubert  and  J.  D’Hoore  (Africa),  E.  C.  J.  Mohr  (East  Indies,  Equatorial 
Regions),  R.  L.  Pendleton  and  F,  J.  Moorman  (Southeastern  Asia),  H.  H. 
Bennett  (Middle  America),  M.  G.  Cline  (Hawaii),  and  P.  Vageler  and  D.  L. 
Bramao  (South  America). 

c.  Landforms 

Scientific  interest  in  landforms  and  their  development  has 
been  shared  by  geologists  and  geographers.  A  relationship  between  rock 
characteristics  and  surface  configuration  was  recognized  or  sensed  by  the 
early  geologists  in  the  latter  part  of  the  18th  century.  James  Hutton  in  his 
"Theory  of  the  Earth"  (1785)  discussed  the  denudation  of  the  land  surface 
by  the  very  slow,  continued  action  of  different  subaerial  processes.  In 
1834,  Karl  von  Hoff  published  a  long  record  of  the  changes  of  surface  con¬ 
figuration  recorded  in  historical  time  and  discussed  their  causes.  His  more 
famous  contemporary,  Charles  Lyell,  advanced  the  principle  of  uniformity 
to  establish  a  basis  for  interpreting  the  origin  of  geologic  features.  This 
principle  has  often  been  regarded  as  a  natural  law  but  today  is  treated  com¬ 
monly  as  a  methodological  precept. 

Creation  of  a  science  of  geomorphology  in  the  late  19th 
century  is  attributed  to  W.  M..  Davis,  who  conceived  of  cycles  of  erosion 
to  explain  the  progressive  development  of  different  landscapes.  The  Davisian 
concept  dominated  geomorphologic  thinking  for  about  half  a  century  but  has 
long  been  challenged  by  various  other  concepts  which  seek  to  deal  more 
acceptably  with  the  peculiarities  of  landscapes  in  different  environments. 
Among  these  concepts,  climatic  geomorphology  has  gained  widespread  con¬ 
sideration,  although  it,  too,  is  challenged,  especially  by  some  geologists. 


Specifically  in  the  humid  tropics,  much  of  the  geomorphic 
research  has  been  concentrated  on  coastal  features,  as  in  Oceania  and  the 
Caribbean  Islands  (see  Chapter  V  for  a  discussion).  In  1958,  F.  Dixey 
concluded  the  work  conducted  over  20  years  of  arranging  the  countless  land- 
forms  of  Central  and  Southern  Africa  (mostly  in  the  humid  tropics)  in  a 
relatively  simple  system  of  denudational  cycles.  In  1962,  L.  C.  King,  known 
for  studies  in  Africa  and  Eastern  Brazil,  completed  a  monograph  on  world¬ 
wide  morphology  with  particular  attention  to  Africa. 

An  historical  note  on  geomorphology  would  not  be  complete  in 
the  present  context  without  brief  mention  of  the  long-time  interest  of  armies 
in  the  influence  cf  landforms  on  military  operations.  In  the  early  19th 
century,  J.  S.  von  Grouner,  a  German  geologist  and  soldier,  studied  the 
Alps  for  the  purpose  of  defining  and  interpreting  the  geologic  influences  on 
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the  conduct  of  war  in  a  mountainous  region.  His  posthumously  published 
work  (1826)  was  the  first  publication  in  the  field  of  military  geology. 

Another  landmark  in  the  historical  record  was  the  activity  of  the  noted  geo¬ 
morphologist  D.  W.  Johnson  as  an  adviser  on  terrain  problems  to  the  Allied 
Headquarters  in  World  War  I.  Johnson’s  work  laid  the  foundation  for  mod¬ 
ern  terrain  evaluation.  Today,  the  interest  is  directed  mainly  to  othar 
regions  and  environments,  such  as  the  humid  tropics  and  arid  zones. 

Quantification  of  geomorphic  data  has  made  noticeable  pro¬ 
gress  since  World  War  II.  This  development  has  been  stimulated  especially 
by  the  demands  of  armies  for  more  precise  information  on  surface  geometry 
(relief,  roughness,  slope).  Quantitative  data  are  being  used  to  characterize 
landforms  and  determine  terrain  analogs. 

d.  Hydrologic  Features 

The  modern  science  of  hydrology  came  Into  existence  in  the 
17th  century,  when  measurements  were  made  tc  show  that  the  water  in 
streams  and  springs  was  derived  from  precipitation  on  the  land.  The  con¬ 
cept  of  the  hydrologic  cycle  is  said  to  have  been  correctly  understood  by 
ancient  civilizations. 

Hydrology  has  been  largely  developed  by  other  sciences. 

Thus,  the  first  measurements  were  made  by  physicists;  the  development 
of  the  principles  of  hydraulics  was  the  work  of  mathematicians;  the  be¬ 
havior  of  subsurface  water  was  studied  by  geologists.  From  a  scientific 
heritage,  hydrology  has  turned  in  modern  times  almost  entirely  to  a  concern 
with  engineering  applications,  as  in  water-supply  systems,  stream  regulation 
and  irrigation  systems.  The  Ad  Hoc  Panel  on  Hydrology  of  the  (U.S. ) 

Federal  Council  of  Science  and  Technology-*  has  commented  that  "the  bulk  of 
hydrologic  research  is  sufficient  to  produce  only  the  empirical  results  needed 
to  solve  a  particular  hydrologic  problem.  " 

R.  G.  Kazmann  in  1965  summarized  the  state  of  hydrology 
as  follows;  "Hydrologists  have  not  evolved  a  clear-cut  science  of  hydrology, 
nor  have  they  come  to  any  consensus  on  how  to  evaluate  water-development 
projects  from  the  standpoint  of  hydrology.  Moreoever,  no  procedure  has 
been  proposed  for  the  evaluation,  even  systematic  analysis,  of  the  side 
effects  of  hydrologic  projects.  "  Hydrologic  investigation  of  the  humid 
tropics  shares  the  general  difficulty  in  which  hydrology  finds  itself. 

5.  Sources  of  Information* 

New  literature  on  physical  features  of  the  humid  tropics  is 
listed  in  various  worldwide  and  regional  indices.  Some  of  the  more  import¬ 
ant  and  readily  available  guides  in  this  group  are  enumerated  and  discussed 
briefly  in  Table  1. 

*  Further  discussion  of  this  topic  is  presented  in  Chapter  V,  Section  A.  5. 
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Table  1 


BIBLIOGRAPHIES  AND  ABSTRACTS  OF  PHYSICAL  FEATURES  INCLUDING 
COVERAGE  OF  HUMID-TROPICAL  LITERATURE 

GEOLOGY  (and  generally  with  Hydrology) 

Bibliography  of  Geology  Exclusive  of  North  America 

Published  by  Geological  Society  of  America  since  1933  in  annual 
volumes,  which  appear  irregularly.  Brief  annotations  in  English. 

Bibliography  of  North  American  Geology 

Published  by  U.S.  Geological  Survey  since  1396.  Annual  volumes 
appear  irregularly;  also  issued  in  10-year  cumulations. 

Abstracts  of  North  American  Geology 

Published  by  U.S.  Geological  Survey,  monthly  from  January  1966. 
Informative  abstracts  in  English. 

Geoscience  Abstracts 

Published  by  American  Geological  Institute,  monthly  since  1959. 
Informative  abstracts  in  English. 

Bulletin  Signaletique:  Section  11  -  Sciences  de  la  terre,  II. 

Published  monthly  by  the  Centre  de  documentation  of  the  Centre 
national  de  la  recherche  scientifique  in  Paris.  Brief  annotations 
in  F  rench. 


Zentralblatt  fur  Geologie  und  Palaontologie 

Published  by  E.  Schweizerbart  in  Stuttgart,  Germany,  since  1830. 
Appears  in  two  parts:  I.  General,  applied,  and  regional  geology; 

II.  Historical  geology  and  paleontology,  in  6-7  issues  per  year, 
informative  abstracts  in  German.  Known  formerly  as  Neues 
'ahrbuch,  Referate. 

Referativnyi  Zhurnal:  Geologiya 

Published  monthly  by  All-Union  Institute  of  Scientific  and  Technical 
Information  (VINITI)  in  Moscow.  Brief  abstracts  in  Russian. 

GEOMORPHOLOG'i  AND  GEOGRAPHY 

Geographical  Abstracts,  A:  Geomorphology 

Published  by  Department  of  Geography,  London  School  of  Economics, 
currently  every  other  month.  Informative  abstracts  in  English. 
Known  from  I960  to  1965  as  Geomorphological  Abstracts. 
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Current  Geographical  Publications 

Published  10  times  a  year  by  American  Geographical  Society. 

Titles  only,  classified  geographically  and  by  subject. 

New  Geographical  Literature  and  Maps 

Published  by  Royal  Geographical  Society  twice  a  year.  Titles  only. 

Acta  Geographica,  Supplement  Bibliographique 

Published  5-6  times  annually  by  Societe  de  Geographic  in  Paris. 
Informative  abstracts  in  French. 

Bibliographie  Geographique  Internationale 

Prepared  by  International  Geographical  Union  with  UNESCO  support, 
published  by  Centre  national  de  la  recherche  scientifique.  Brief 
annotations  in  F  rench. 

Petermanns  Geographische  Mitteilungen 

Periodical  published  by  Justus  Perthes  Verlag  and  successors  in 
Gotha,  Germany,  since  1855.  Includes  extensive  listings  of  titles 
and  contents  of  journals;  also  full  abstracts  of  many  titles  in  German. 

Westcrmanns  Geographische  Bibliographie 

Published  since  1954  by  G.  Westermann  Verlag  in  Braunschweig, 
Germany.  Titles  only. 

Referativnyi  Zhurnal:  Geografiya 

Published  monthly  by  All-Union  Institute  of  Scientific  and  Technical 
Information  (VINITI)  in  Moscow.  Brief  abstracts  in  Russian. 

SOIL  SCIENCE 

Bibliography  of  Soil  Science,  Fertilizers  and  General  Agronomy 
Prepared  by  Commonwealth  Bureau  of.  Soils,  Rothamsted 
Experimental  Station,  Harpenden,  England,  since  1931. 

Issued  every  3  yrs. 

Soils  and  Fertilizers 

Prepared  by  same  organization  as  above,  since  1938.  Issued  6 
times  a  year. 
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Special  continuing  bibliographies  of  humid-tropical  physical 
features  are  not  known  to  exist.  Among  occasional  bibliographies  of  recent 
date,  which  deal  with  a  broad  range  of  literature  on  the  humid  tropics,  are 
(1)  the  annotated  bibliography  prepared  by  T.  L.  Hills  and  published  by  the 
Commission  on  the  Humid  Tropics  of  the  International  Geographical  Union 
in  I960  and  (2)  the  bibliography  and  KWIC  Index  published  in  1965  as  Volume 
I  of  the  present  Inventory. 


Extensive  listings  of  titles,  both  old  and  new,  are  contained  in 
publications  dealing  with  parts  of  the  humid  tropics.  For  example,  the  re¬ 
views  of  natural  resources  of  Africa  published  by  UNESCO  in  1963  include 
long  lists  of  titles  on  geology,  geomorphology,  soils,  and  hydrology.  The 
geologic  bibliography  has  already  been  expanded  in  published  supplements. 
These  reviews,  as  well  as  the  review  prepared  by  Worthington*  in  1958, 
serve  to  provide  a  record  of  awareness  of  recent  research.  In  general, 
however,  there  is  no  systematic  reporting  of  current  research  activity.; 


B.  SURVEY  OF  CURRENT  RESEARCH  ACTIVITY 


1.  General  Comments 

Complete,  meaningful  identification  of  current  research  on 
topics  or  geographic  areas  is  a  difficult,  unsolved  problem  of  the  emerging 
science  of  scientific  information.  Even  in  the  United  States,  with  well- 
developed  scientific  communication  networks,  the  problem  of  establishing 
continuing  current  awareness  of  research  activities  and  trends  within  the 
country  itself  has  not  been  conquered,  despite  direct  efforts  by  the  Govern¬ 
ment  to  bring  it  under  control.  Comparable  resources  for  collecting  current- 
awareness  data,  in  the  form  of  clearinghouses  and  information  centers,  do 
not  exist  in  the  countries  of  the  humid  tropics.  Therefore,  research  pro¬ 
jects  generated  within  these  countries  tend  to  become  known  only  after  the 
publication  of  results.  Projects  conducted  or  supported  by  foreign  or  inter¬ 
national  organizations  are  not  apt  to  be  any  better  publicized  while  in  pro¬ 
gress.  A  noteworthy  exception  is  provided  by  the  U.  S.  Geological  Survey, 
which  has  for  several  years  published  an  annual  summary  of  current  in¬ 
vestigations  in  the  United  States  and  foreign  territories.  '  Most  disappoint¬ 
ing  is  the  reporting  of  activities  by  the  United  Nations  and  its  executing 
agencies  because  this  group  is  the  leading  sponsor  of  investigations  in  the 
humid  tropics.  Information  on  projects,  proceedings  of  sponsored  confer¬ 
ences,  and  results  of  investigations  are  often  long  delayed  in  publication, 
or  not  published  at  all,  and  if  published  are  frequently  difficult  to  obtain 
because  of  small  printings. 

Relevant  to  these  observations  is  the  following  statement  by 
the  UNESCO  Advisory  Committee  for  Humid  Tropics  Research,  made  in 
December  1963:  "Considering  that  publications  on  scientific  work  on  the 
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humid  tropics,  including  reviews  of  research,  have  not  received  '.dequate 
publicity  and  considering  that  there  is  a  need  for  the  dissemination  of  infor¬ 
mation  on  such  publications  among  scientific  institutions  in  this  area,  the 
Committee  recommends  that  UNESCO  should  prepare  a  full  list  of  all  publi¬ 
cations  resulting  in  any  way  from  the  UNESCO  Humid  Tropics  programme 
and  that  this  list,  with  full  bibliographic  details  and  information  about  where 
these  publications  are  available,  should  be  given  the  widest  publicity  among 
scientists  and  scientific  institutions.  *  ® 


2.  World  Organizations 

The  support  of  practical  investigations  in  developing  countries 
motivates  the  United  Nations  Special  Fund.  In  the  period  from  May  1959  to 
June  1964,  it  has  contributed  to  44  surveys  of  and  3  research  projects  on 
natural  resources  of  humid -tropical  countries.  The  main  subjects  and  the 
distribution  of  effort  by  countries  are  summarized  as  follows:^ 

•  Surveys 

(1)  Land  use  and  water  use 

Latin  America:  Brazil,  British  Guiana,  Ecuador,  Haiti, 
Venezuela 


Oceania:  Indonesia,  Philippines,  Solomon  Islands 

Africa:  Congo  (Brazzaville),  Ghana,  Kenya,  Nigeria, 
Tanzania,  Togo,  Uganda,  Zambia 

Asia:  Burma,  China,  Malaysia,  Pakistan 

(2)  Soil 

Latin  America:  British  Guiana,  Colombia 
Asia:  Pakistan 

(3)  Mining 

Latin  America:  Bolivia,  Brazil,  British  Guiana,  Colombia, 
Ecuador,  Mexico,  Nicaragua,  Surinam 

Africa:  Ivory  Coar,,-,  Kenya,  Malagasy,  Nigeria,  Senegal, 
Tanzania,  Togo,  Uganda,  Upper  Volta 

Oceania:  Indonesia,  Philippines,  Solomon  Islands 
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(4)  Ground 

Latin  America:  Ei  Salvador,  Jamaica 

•  Research  Projects 

(1)  Mining 

Latin  America:  Bolivia 

(2)  Groundwater 

Asia:  Thailand 

In  addition  to  sponsoring  investigatx  ->ns,  the  UN  Specii-1  Fund 
assists  in  the  training  of  skilled  manpower  for  development  of  resources..  In 
the  period  from  1959  to  1964,  training  was  supported  in  the  following  fields 
and  countries: 

•  Mining 

Africa:  Congo  (Leopoldville) 

Asia:  India 

•  Groundwater 

Oceania:  Philippines 

The  United  Nations  Water  Resources  Development  Centre 
presents  biennial  reports  to  the  UN  Economic  and  Social  Council  in  which 
current  activities  of  UN  organizations  in  the  field  of  water  resources  are 
enumerated.  For  the  years  1962  and  1963,  the  latest  for  which  a  report 
has  been  published,  *58  instances  of  technical  and  financial  assistance  are 
recorded.  Many  of  them  involve  short-term  assistance  to  humid -tropical 
countries.  Although  this  type  of  assistance  is  apt  to  be  concerned  with 
specific  problems,  several  major  topics,  which,  represent  long-term  prob¬ 
lems,  recur  in  the  enumeration.  They  are:  (1)  general  water-resources 
development,  (2)  integrated  river-basin  development,  (3)  hydro-power 
resources  development, (4)  water-supply  problems  (especially  quality  of 
water),  (5)  watershed  management,  irrigation  and  drainage,  (6)  hydrologic 
characteristics,  and{7)  desalination  of  sea  and  brackish  waters. 

The  UN  Economic  Commission  for  Asia  and  the  Far  East 
(ECAFE)  has  been  concerned  since  1951  with  problems  of  flood  control, 
river  basin  development,  and  development  of  water  resources.  ECAFE  has 
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initiated  preparation  of  a  compendium  on  international  rivers  in  Southern 
Asia  and  the  Far  East  for  the  purpose  of  identifying  the  possibilities  of 
development.  Much  of  the  information  can  be  compiled  from  existing 
sources,  but  some  reconnaissance  surveys  and  direct  collection  of  data  by 
the  riparian  countries  will  undoubtedly  be  necessary. 

This  organization  has  paid  particular  attention  to  development 
of  the  Mekong  River  basin.  The  UN  Water  Resources  Development  Centre 
terms  the  project  "the  most  important  multi-purpose  undertaking  on  an 
international  basis"  in  Asia.  Besides  the  four  riparian  countries  (Cambodia, 
Laos,  Thailand,  and  the  Republic  of  Vietnam),  20  other  countries  across  the 
world,  12  UN  agencies,  3  foundations,  and  private  companies  are  cooperating 
in  the  program  of  investigations  and  studies.  As  of  January  1963,  more  than 
$44,  000,  000  has  been  made  available  for  use  by  the  Mekong  River 
Committee.  ^ 


In  the  area  of  soil  investigations,  the  UN  Food  and  Agriculture 
Organization  (FAO)  conducts  and  assists  programs  in  many  countries.  The 
Inter-American  Committee  for  Agricultural  Development  (C1DA)  reports  that 
both  FAO  and  the  U.  S.  Department  of  Agriculture  "are  interested  in  the 
preparation  of  a  map  of  the  great  soil  groups  of  Latin  America.  Soil 
scientists  from  most  (Latin  American)  countries  are  taking  great  interest 
and  collaborating  in  the  project.  A  number  of  international  meetings  have 
been  held  in  which  the  status  of  soil  classification  in  the  various  countries 
was  discussed.  "  FAO  sponsored  the  Conference  on  Soils  and  Fertilizers  for 
the  Latin  American  Region  in  I960  and  the  1st  Soil  Conservation  Seminar  for 
South  and  Central  America  in  1962.  This  organization  has  prepared  a  small- 
scale  soil  map  of  Ecuador,  is  carrying  out  a  reconnaissance  soil  survey  of 
the  Llanos  Orientales  in  Colombia,  and  cooperates  actively  with  various 
government  agencies  of  Brazil  in  soil  studies.  In  Africa,  FAO  is  preparing 
a  general  w'ork  on  the  ferrallitic  and  tropical  black  soils.  A  study  of  the 
major  soils  of  Southeast  Asia,  dealing  with  morphology,  chemistry,  environ¬ 
mental  conditions,  occurrence,  land  use,  and  agricultural  potential,  was 
completed  foi  FAO  by  R.  Dudal  and  F.  R.  Moorman  in  1962.  Work  on  the 
soils  of  Thailand  and  the  Republic  of  Vietnam  has  continued. 

Since  1956  UNESCO  has  concerned  itself  with  (1)  coordination 
of  research  on  scientific  problems  relating  to  the  humid  tropics  and  (2)  inter¬ 
national  or  regional  measures  to  expand  the  research.  An  Advisory  Com¬ 
mittee  for  Humid  Tropics  Research  has  periodically  examined  proposals  and 
selected  problems  that  will  receive  the  attention  of  the  Humid  Tropics  Re¬ 
search  Program.  So  far,  the  program  has  focused  on  soil,  vegetation,  and 
water,  and  their  interrelationships.  In  October  1961,  the  Advisory  Com¬ 
mittee^  re-evaluated  the  scope  of  the  program  and  sc’ected  eight  subjects 
as  suitable  for  long-term  action.  Four  of  them  fall  w  thin  the  scope  of  the 
present  discussion  of  physical  features.  Three  are  more  specific  problems: 
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laterization  ;  chemistry  and  biology  of  tropical  soils;  and  delta  areas.  The 
fourth,  the  general  problem  of  principles  and  methodology  of  integrated  re¬ 
search  in  the  humid  tropics,  involves  careful  consideration  of  the  character¬ 
istics  of  geologic,  geomorphic,  soils,  and  hydrologic  research. 


Some  progress  has  been  reported  on  consideration  of  the  first 
three  problems: 


12  (1)  An  extensive  survey  of  research  on  laterites  by  R. 

Maignien  was  completed  in  1964.  The  problems  of  intercontinental  cor¬ 
relation  of  lateritic  soils  have  been  under  study  by  experts. 

(2)  In  December  1962,  within  thi  framework  of  the  program, 
a  Seminar  on  Analysis  of  Soils  of  the  Humid  Tropics  was  held  in  Caracas, 
Venezuela,  which  considered  such  topics  as  salinity  of  soils,  soil  colloids, 
mechanism  of  soil  genesis,  soil  classification,  and  organic  matter  in  humid 
tropical  soils. 


(3)  Delta  areas,  the  Advisory  Committee  concluded  in  its 
October  1961  meeting,  "are  in  many  respects  the  most  important  regions 
of  the  humid  tropics  since  they  are  those  of  greater  human  concentration. 

The  scientific  problems  of  the  deltas  result  from  their  geographical, 
geological,  hydrological,  pedological.and  biological  characteristics  and  have 
to  be  studied  through  an  integrated  approach.  "  In  cooperation  with  ECAFE, 
UNESCO  sponsored  the  Regional  Symposium  on  Flood  Control,  Reclamation, 
Utilization  and  Development  of  Deltaic  Areas,  which  was  held  at  Bangkok 
in  July  1963.  This  meeting  permitted  an  exchange  of  expert  opinions  on 
these  areas  of  great  importance  in  Southeast  Asia  and  the  phrasing  of  recom¬ 
mendations  for  research.  For  some  of  the  areas,  so-called  geomorphologic 
maps  have  already  been  produced.  In  reality,  they  do  little  more  than  show 
the  distribution  of  landform  and/or  soil  types. 

UNESCO  has  also  participated  in  the  furtherance  of  hydrologic 
investigations  on  a  worldwide  basis.  Thus,  in  October  1962,  it  sponsored 
jointly  with  the  International  Associ  ion  of  Scientific  Hydrology  a  Symposium 
on  Continental  Erosion  held  at  Bari,  Italy.  Since  1962,  UNESCO  has  co¬ 
ordinated  the  implementation  of  the  International  Hydrologic  Decade.  The 
numerous  objectives,  plans,  and  contemplated  procedures  of  this  mojor 
international  program  were  elaborated  by  the  Intergovernmental  Meeting  of 
Experts^  held  in  Paris  in  April  19o4.  The  program  was  scheduled  to  begin 
in  1 965. 


The  53  member  countries  of  the  International  Hydrologic 
Decade  include  the  following  21  in  the  humid  tropics: 

Latin  America:  Brazil,  Cuba,  Ecuador,  Peru,  Venezuela 
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Africa:  Cameroon,  Chad,  Congo  (Brazzaville),  Dahomey,  Gabon, 
Ghana,  Ivory  Coast,  Malagasy,  Nigeria,  Togo,  Uganda 

Asia:  India,  Pakistan,  Thailand 


Oceania:  Australia,  Philippines 


Furthermore,  UNESCO  has  encouraged  research  on  the  East 
African  Rift  Zone  on  the  recommendation  of  the  Upper  Mantle  Committee  of 
the  International  Union  of  Geodesy  and  Geophysics.;  A  grant  from  UNESCO 
to  the  East  African  Committee  on  Cooperation  in  Geophysics  made  possible 
the  preparation  of  an  extensive  reportl  5  on  the  state  of  knowledge  of  the 
geology  and  geophysics  of  the  Rift  Zone.  The  report  was  presented  to  a 
seminar,  sponsored  by  UNESCO  and  the  Upper  Mantle  Committee,  of 
interested  scientists  who  met  at  Nairobi  in  April  1965.  From  this  meeting 
has  come  a  detailed  statement  of  plans  for  future  research. 


The  Commission  on  the  Humid  Tropics  (T.  L.  Hills,  chair¬ 
man)  of  the  International  Geographical  Union  was  established  in  1956.  Its 
purposes  are  to  "stimulate  research  in  the  geography  of  the  humid  tropics, 
and  especially  into  the  nature  of  the  nuinui-tr opical  environment;  to  serve  as 
a  clearing-house  of  relevant  information  (publications,  techniques,  personnel 
and  research  agenciesl;  and  to  cooperate  closely  with  UNESCO  during  the 
Hydrologic  Decade.  "1"  The  program  has  been  concerned  with  the  definition 
and  delimitation  of  the  humid  tropics,  climatic  factors,  and  ecological 
boundaries.  The  special  problems  of  rocks,  soils,  water,  and  landforms 
appear  to  have  had  secondary  importance  so  far  but  are  certain  to  receive 
attention  when  the  details  of  the  humid-tropical  environment  are  studied. 

3.  Regional  Organizations 

The  Commission  for  Technical  Cooperation  in  Africa  South  of 
the  Sahara  (CCTA),  an  organization  of  22  African  countries  and  Belgium, 
Portugal,  and  the  United  Kingdom,  and  its  Scientific  Council  (CSA)  act  to 
further  the  application  of  science  to  solution  of  problems  in  Central  and 
Southern  Africa.  The  CCTA  convenes  conferences,  recommends  measures 
to  be  taken,  and  assists  member  countries  in  joint  efforts  to  obtain  assistance 
from  international  organizations.  In  the  field  of  geology,  CCTA  functions 
through  three  Regional  Geological  Committees,  composed  of  the  heads  of 
governmental  geological  surveys  in  the  regions. 

A  further  important  effort  by  CCTA  was  the  sponsorship  of  an 
Inter-African  Conference  on  Hydrology^  held  at  Nairobi  in  1961.  Inis 
meeting  considered  (1)  the  need  for  assessment  of  w»ater  resources  prior  to 
and  during  the  development  of  countries, (2)  the  hydrology  of  the  principal 
river  basins,  (3)  the  effects  of  land-use  policies  on  water  resource  s,  and 
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(4)  the  cooperation  between  hydrology  and  other  fields.  A  program  of  65 
technical  papers  on  hydrometeorology,  surface-water  hydrology,  catchment- 
area  experiments,  and  groundwater  hydrology  showed  special  concern  with 
investigative  methods  and  analysis  of  data. 


The  Association  of  African  Geological  Surveys  comprises 
governmental  and  mining-company  geological  surveys  throughout  Africa. 
Functioning  as  a  commission  of  the  International  Geological  Congress,  it 
conducts  important  projects  dealing  with  all  of  Africa,  such  as  the  compil¬ 
ation  of  a  geological  map  (1:5,  000, 000) ,  a  structural  map  (1:10, 000,  000) 
and  a  stratigraphic  lexicon,  and  the  convening  of  symposia. 

The  Inter-American  Committee  for  Agricultural  Development 
(CIDA)  (members  are  the  Organization  of  American  States,  Inter- American 
Development  Bank,  UN  Food  and  Agricultural  Organization,  UN  Economic 
Commission  for  Latin  America,  and  Inter-American  Institute  of  Agricultural 
Sciences)  has  been  conducting  an  Inventory  of  Tnformation  Basic  to  the  Plan¬ 
ning  of  Agricultural  Development  in  Latin  America,  A  regional  report,  most 
of  the  19  country  reports,  and  a  bibliography  of  5083  titles  have  been  pub¬ 
lished.  A  series  of  atlases  containing  indices  to  several  types  of  the  map 
coverage  is  being  issued. ^ 

The  reports  contain  information  on  the  progress  of  topographic 
mapping,  geologic  and  geomorphic  investigations,  soil  surveys,  and  hydro- 
logic  work,  among  other  topics  involved  in  the  evaluation  of  the  agricultural 
potential.  They  identify  the  national  organizations  in  these  countries  that 
are  responsible  for  the  execution  of  surveys  and  the  foreign  and  international 
agencies  that  provide  technical  and  financial  assistance.  In  virtually  all  of 
these  countries,  plans  exist  for  the  systematic  mapping  of  the  physical 
features  and  the  evaluation  of  their  influence  on  economic  development.  It 
is  evident  from  an  examination  of  these  reports  that  the  progress  of  the  pro¬ 
grams  has  been  generally  slow.  Detailed  information,  which  must  be  shown 
on  maps  of  larg^  to  medium  scales,  is  being  amassed  much  more  slowly 
than  the  reconnaissance  data,  which  can  be  and  has  been  presented  for  most 
countries  in  small-scale  maps. 


4.  Foreign  Organizations 

Since  the  humid  tropics  have  until  recently  been  predominantly 
colonial  territories  of  European  countries,  surveys  of  natural  resources  and 
other  scientific  investigations  have  been  planned,  directed,  and  staffed 
mainly  by  Europeans. 

The  activities  were  organized  in  various  ways,  ranging  from 
central  bodies  with  worldwide  responsibility  to  local  territorial  agencies.  In 
Africa  especially,  the  number  of  European  organizations  involved  in  geologic, 
hydrologic,  and  soil  work  in  recent  decades  is  large. 
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The  recent  discussions  by  Worthington  and  Dixey  indicate 
that  the  current  status  of  Belgian,  British,  and  French  organizations  in  the 
rapidly  charging  political  environment  of  Africa  is  not  readily  determinable. 

It  can  be  assumed  that,  in  many  countries,  the  organizations  have  been  trans¬ 
ferred  to  the  control  of  new  national  governments,  but  it  appears  that  some 
advisory  or  cooperating  functions  are  still  exercised  by  European  central 
organizations.  Thus,  as  late  as  1963,  despite  independent  surveys  in  the 
new  countries,  the  majority  of  the  former  French  colonies  "entrust  their 
geological  work  (mapping,  geological  syntheses,  publication,  hydro-geology, 
general  prospection)  to  the  Bureau  de  recherches  geologiques  et  minieres 
(BRGM),"20a  a  French  organization.  The  British  Overseas  Geological 
Surveys,  headquartered  in  London,  perform  geological  work  for  the 
British  colonies  and,  by  arrangement,  provide  basic  analytical  services 
for  geological  surveys  of  former  British  territories. 

Scientific  aid  to  the  developing  countries  has  been  rendered 
by  various  French  organizations,  notably  the  Office  de  la  recherche  scientifique 
et  technique  d'outre-mer  (ORSTOM),  which  has  provided  the  central  direction 
for  scientific  research  in  the  French  territories  since  1953.  "Its  function  is 
to  organize  fundamental  research,  while  leaving  the  investigation  of  immedi¬ 
ate  problems  to  the  research  organs  of  the  specialist  government  services, 
and  to  create  research  centers  in  areas  in  which  adequate  provision  has  not 
previously  existed.  "20a  ORSTOM  has  conducted  geologic,  geophysical,  pedo- 
logic,  and  hydrologic  projects.  The  soil  investigations  are  concerned  mainly 
with  classification  and  distribution  of  soils  but  also  with  the  relation  of  soil 
types  to  vegetation,  climate,  and  land  use.  The  geological  surveys  nave 
emphasized  exploration  for  mineral  deposits.  Geophysical  surveys  in  vari¬ 
ous  regions  have  been  directed  toward  aiding  geologic  and  oceanographic 
studies. 

The  Road  Research  Laboratory  of  the  British  Department  of 
Scientific  and  Industrial  Research  has  conducted  investigations  of  road  and 
airfield  construction  problems,  construction  materials,  and  soil  traffic- 
ability  in  British  Honduras ,  Barbados,  Jamaica,  Leeward  Islands,  Wind¬ 
ward  Islands,  British  Guiana,  former  British  colonies  of  Western  and  Eastern 
Africa.  Malaya,  Borneo,  and  Fiji  since  World  War  II.  This  organization  has 
assisted  local  agencies  in  developing  research  programs  and  materials  test¬ 
ing  laboratories.  It  has  conducted  broad  studies  on  the  formation,  classi¬ 
fication,  and  characteristics  of  tropical  soils  and  special  studies  on  tropical 
black  and  red  c’ays.  Also  regional  surveys  have  been  made  of  road -building 
materials,  in  vhich  engineering  geologic  maps  and  morphologic  maps  with 
data  on  level  oi  water  table,  steepness  and  distribution  of  slopes,  drainage 
areas,  and  areas  considered  susceptible  to  erosion  are  included. 

The  U.  S.  Geological  Survey  has  provided  technical  assistance 
in  geology,  hydrology,  and  related  sciences  tc  developing  countries  for  more 
than  20  years  under  the  auspices  of  the  U.  S.  Agency  for  International 
Development  (AID),  formerly  International  Cooperation  Administration; 
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other  American  agencies;  and  international  organizations.  The  countries  in 
the  humid  tropics  that  have  benefitted  from  this  assistance  are:. 

Latin  America:  Bolivia,  Brazil,  Colombia,  Costa  Rica,  Ecuador, 
Panama,  Peru 

Africa:  Congo,  Dahomey,  Ghana,  Liberia,  Nigeria,  Sierra  Leone 
Asia:  Ceylon,  India,  Pakistan 

Oceania:  Indonesia,  Philippines,  Republic  of  China,  Thailand,  Republic 
of  Vietnam 

The  main  objectives  of  the  programs  conducted  by  the  U.  S.  Geological  Survey 
have  been:  (1)  appraisal  of  mineral  and  water  resources  and  (2)  training 
of  earth  scientists  to  staff  national  geological  and  hydrological  services  in  the 
developing  countries.  The  record  of  publications  based  on  the  programs  at¬ 
tests  to  the  wealth  of  scientific  data  they  have  yielded.  The  program  is  con¬ 
tinuing. 

5.  Military  Organizations 

The  Advanced  Research  Projects  Agency  (ARPA)  of  the  U.S. 
Department  of  Defense  sponsored  a  long-term  research  project  "with  the 
ultimate  goal  of  providing  the  vehicle  designer  and  ground  mobility  analyst 
with  quantitative  information  concerning  the  effects  of  the  various  features  of 
the  physical  environment  on  the  movement  of  surface  vehicles.  *21  The  pro¬ 
ject,  entitled  Mobility  Environment  Research  Study  (MERS),  dealt  with  the 
environmental  factors  of  Thailand.  Originally  Laos,  Vietnam,  Cambodia, 
Malaya,  and  Burma  were  also  to  be  included.  The  program  was  administered 
by  the  U.  S.  Army  Engineer  Waterways  Experiment  Station  and  conducted 
with  the  collaboration  of  several  American  technical  governmental  agencies. 
The  program  was  concerned  with  delineating  the  problems  to  be  investigated 
ard  surveying  the  published  and  unpublished  sources  of  information.  The 
scope  of  the  mobility  research  went  beyond  the  consideration  of  physical 
features  as  defined  in  the  present  report,  but  a  major  part  of  the  project 
concerned  problems  of  soil  classification  and  quantitative  measurement 
of  the  surface  and  hydrologic  geometry.  Research  on  these  problems  will 
have  basic  values,  aside  from  the  results  applicable  to  military  movement. 

It  should  be  anticipated  that  the  data  will  also  be  applicable  to  non-military 
uses  of  the  terrain. 

One  of  the  research  objectives  of  the  United  States  Air  Force 
is  the  study  of  environmental  problems  that  can  influence  its  technological 
capabilities.  ^2  Terrain  analysis  is  recognized  as  an  important  segment  of 
this  area  of  research.;  The  topics  studies  are  "the  crustal  materials,  surface 
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morphology,  and  dynamic  processes  of  remote  and  little  exploited  areas  of 
the  earth.  "  The  investigations  are  conducted  or  sponsored  by  the  Office  of 
Aerospace  Research  and  its  subordinate  units.  For  example,  T.  Liang^ 
has  initiated  a  program  of  research  on  tropical  soils  for  the  Air  Force 
Cambridge  Research  Laboratories  with  a  critical  examination  ol  their 
characteristics  and  classification. 


C.  MAJOR  PROBLEMS  FOR  CONTINUED  AND  FUTURE  INVESTIGATION 


1.  Geology 

Dixey^a  notes  that  at  the  end  of  World  War  I  the  geology  of 
the  British  territories  in  Africa  was  "virtually  unknown.  "  The  situation  im¬ 
proved  noticeably  only  after  World  War  II  when  concerted  efforts  were  made 
to  strengthen  geological  surveys  and  accelerate  mapping  and  mineral  investi¬ 
gations.  Dixey  concludes  "that  there  would  clearly  be  unwarranted  optimism 
in  envisaging  an  early  end  to  geological  mapping  and  mineral  exploration  in 
the  continent  of  Africa.  "  While  the  conclusion  is  undoubtedly  valid,  note 
should  be  taken  of  progress  in  some  areas.  Gourou^  points  out  that  the 
geology  of  the  former  Belgian  Congo  is  accurately  mapped  at  the  scale  of 
1:100,000  and  of  Madagascar  at  1:200,000.  In  Asia,  complete  geologic  map 
coverage  of  Vietnam  is  available  at  the  scale  of  1:500,000. 

The  Standing  Committee  on  Geology  and  Geophysics  of  the 
Pacific  Science  Associations  presented  a  series  of  reports  to  the  10th 
Pacific  Science  Congress  in  1961  on  the  progress  of  investigations  in  the 
circum -Pacific  region  and  adjoining  areas  of  Southea  ^ tern  Asia.  In  many 
of  the  countries,  reconnaissance  surveys  have  had  to  suffice  as  a  background 
for  planning  mineral  and  petroleum  exploration.  However,  as  A.  Alcaraz 
noted  in  the  Philippines,  rapid  surveys  by  airborne  geophysical  methods 
have  not  provided  the  detail  ultimately  required.  Further  ground  surveys 
will  be  necessary.  In  Indonesia,  only  4.  5  percent  of  area  has  been  syste¬ 
matically  mapped  and  large  areas  are  unknown  geologically,  according  to 
J.  KatiTi.  Of  special  importance  in  this  tropical  region  is  rock  weathering, 
a  subject  that  has  not  received  adequate  attention.  S.  Buravas  points  to  the 
piecemeal  development  of  mineral  resources  of  Thailand  and  observes  that, 
to  realize  the  full  potential  of  the  country,  basic  geologic  data  must  be 
collected  regionally.  Unlike  most  parts  of  the  humid  tropics,  Hawaii  is 
judged  by  G.  A.  Macdonald  to  have  adequate  areal  geologic  maps  for  most 
purposes  in  the  next  several  decades.  There  is  a  need  for  detailed  mapping 
of  small  areas  and  careful  study  of  the  reefs  and  beaches. 

2.  Soil  Science 

The  abundance  of  literature  on  soils  of  the  humid  tropics, 
which  has  already  been  noted  (see  Section  B.  2),  is  evidence  of  the  attention 
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given  to  the  subject  m  regions  greatly  concerned  with  agriculture  and  other 
land  use.  Nevertheless,  Fournier,  after  reviewing  the  knowledge,  the  gap^ 
in  research,  and  present  research  trends  on  soils  in  Africa,  emphasized  that 
"The  salient  conclusion  to  be  drawn  ...  is  that  there  exists  an  absolute  need 
for  fundamental  research." 

As  a  background  to  and  source  of  data  required  for  research 
on  chemical  composition,  physiology  and  biology  of  soils,  Fournier  advises 
continued  efforts  in  inventorying  and  mapping  soils.  In  respect  to  problems 
for  further  investigation,  he  observes  that  too  little  is  known  about  the  follow¬ 
ing  in  humid-tropical  soils: 

•  Trace  elements 

•  Limits  between  ferruginous  soils,  ferrisols,  and  ferrallitic 
soils 

•  Causes  and  characteristics  of  fer rallitization 

•  Soils  structure  and  the  water  balance 

•  Maintenance  of  organic  matter  in  soil 

4 

T.  Liang  found  in  his  study  of  tropical  soils  throughout  the 
world  widespread  nonuniformity  and  confusion  in  existing  systems  of 
tropical  soils  classification,  a  lack  of  strict  definition  ot  nomenclature 
and,  reflecting  diversity  of  interests  among  investigators  who  may  be  soil 
scientists,  geologists  or  engineers,  differences  in  completeness  and  manner 
of  treatment  of  soil  information. 

R.  W.  Fairbridge  notes,  however,  that  throughout  the  humid 
tropics  "the  paucity  of  local  detail  is  offset  by  soil  unification  (unifying 
effects  of  laterite  and  podsols).  The  soil  is  predictable  on  the  basis  of  rain¬ 
fall  and  seasonal  climate  characteristics,  with  appropriate  modifications 
for  relief  contrasts.  "  The  unifying  effects  of  the  soils  are  reflected  in 
the  character  of  the  vegetation  and  physiography. 

3.  Geomorphology 

The  relationships  between  surface  configuration,  surface 
materials,  and  drain,.  ■'  features  have  implications  that  are  important  to 
engineering,  agricultural,  and  other  land  use  of  terrain.  The  mapping  of 
surface  configuration  has  proceeded  at  the  same  or  possibly  a  more  rapid 
pace  in  countries  that  also  support  geologic  and  soil  surveys.  However, 
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older  topographic  surveys  tend  to  be  deficient  in  accuracy  and  detail,  and 
therefore,  re-mapping  is  required  in  many  areas. 

Based  on  extensive  experience  in  tne  humid  tropics,  especially 
in  Brazil,  H.  O'R.  Sternberg  identifies  the  following  specific  problems  of 
geomorphology  of  the  humid-tropical  environment:  '" 

(1)  Explanation  of  geomorphic  features  in  terms  of  the 
climatic  or  zonal  frame  of  reference.  Sternberg  comments:  "The  gradual 
accumulation  of  observations  in  the  tropics  — -  especially  after  World  War  II  — 
came  to  constitute  a  body  of  evidence  in  favor  of  a  climatic,  or  zonal, 
approach  to  landscapes.  The  possible  significance  of  such  specifically 
tropical  features  as  the  thick  mantle  of  rock,  weathered  in  situ,  came  to  be 
realized.  In  the  study  of  erosion  surfaces,  the  universal  application  of  the 
peneplain  concept  gave  way  to  a  search  for  climatic-specific  explanations,  as, 
for  instance,  in  the  case  of  certain  erosion  surfaces  whose  evolution  appears 
to  have  occurred  independently  of  base  level.  " 


(2)  Explanation  of  tropical  karst  features  (kegelkarst). 

Concerning  the  problem,  Sternberg  observes  that  "obsession  with  the 
Davisian  concept  led  students  to  mentally  shoehorn  forms  produced  (in  the 
tropics)  into  a  cycle.  It  was  not  difficult  to  conjure  up  the  hypothetical 
intermediate  forms  necessary'  to  establish  a  complete  genetic  sequence  of 
cycle.  In  this  way,  sinkholes,  so-to-speak  negative  forms,  were  assigned  to 

the  beginning  of  the  series  and  kegelkarst,  or  positive  forms,  were  assumed  \ 

to  characterize  the  closing  stages  of  the  cycle.  Climatological  (i.e.  ,  zonal) 

influences  can  hardly  be  disputed.  However,  studies  such  as  those  of 

Verstappen  in  the  Malay  Archipelago,  where  positive  and  negative  forms  f 

were  found  intermingled,  suggest  that  it  would  be  far  too  much  of  a  ; 

simplification  to  merely  distinguish  between  'normal1  (or  temperate)  and 

'tropical'  karst  features. :l 

| 

(3)  Research  on  the  characteristics  and  evolution  of  the  \ 

meia-laranja  (half-crange)  landscapes,  as  exemplified  in  Brazil.  Sternberg  i 

notes  several  problems  in  these  landscapes:  (a)  "the  surface  of  the  unweathered  ; 


rock  covered  by  the  material  weathered  in  situ  is  not  parallel  to  the  subaerial  i 

surface  of  the  land;  (b)  the  extent  to  which  alteration  in  the  plant  cover  affects  ! 

evolution  of  the  half-oranges  and  the  formation  of  'stone-lines'  is  not  yet  I 

quite  clear;  (c)  the  long-term  evolution  of  these  landscapes  with  their  'seas  f 

of  hills'  sculpted  on  weathered  material"  is  not  tuliyr  explained.  | 

I 

(4)  Research  on  characteristics  of  plinthite  and  its  | 

geomorphological  role.  Sternberg  comments  that  it  is  necessary  to  determine  | 

the  extent  to  which  the  ferruginous  crusts  really  cover  the  plateaus  and  | 

tablelands  in  the  tropics,  since  R.  Feuer  showed  the  crust  in  the  Central  f 
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Plateau  of  Brazil  to  be  a  peripheral  phenomenon.  The  degree  of  induration 
and  the  exact  nature,  whether  scoriaceous  or  conglomeratic,  of  the  crust 
require  examination.  The  protection  afforded  by  the  crust  in  the  formation 
of  an  erosion  surface  and  its  dissection  by  linear  erosion  are  other  problems 
to  be  examined. 

(5)  Explanation  of  tropical  forms  of  solifluction  and  mass  move¬ 
ments,  as,  for  example,  the  recent  landslides  in  the  area  of  Rio  de  Janeiro. 

(6)  Clarification  of  the  climatic  conditions  for  pediplanation. 

(7)  Research  on  cryptodecomposed  rocks  and  geomorphic 
evolution  iti  the  humid  tropics. 

(8)  Explanation  of  the  massive  production  of  kaolin  in  the 
tropics  and  its  geomorphological  implications. 

(9)  Research  on  the  geomorphological  significance  of  seasonal 
variations  of  moisture  in  various  soil  horizons  and  of  the  water  table. 

4.  Hydrology 

The  Ad  Hoc  Committee  on  International  Programs  in  Atmos¬ 
pheric  Sciences  and  Hydrology  of  the  (U.  S. )  National  Academy  of  Sciences  - 
National  Research  Council^^in  1963  enumerated  and  discussed  the  more 
pressing  problems  that  should  be  investigated  in  an  international  research 
program.  Those  topics  that  appear  to  be  most  relevant  to  the  hydrologic 
knowledge  of  the  humid  tropics  are: 

•  Features  of  the  Hydrologic  Cycle 

(1)  Interrelationships  of  land  use  and  water  yield 

(2)  Dynamics  of  water  movement  in  soil-plant-atmosphere  system 

{3)  Clarification  of  the  energy-budget  method  of  estimating 

evaporation  and  transpiration 

(4)  Role  of  regolith  in  storage 

•  Mechanisms  of  Transport  by  Water 

(1)  River  and  atmospheric  transport  of  solutes 

(2)  Sediment  transport  on  rivers  of  different  sizes  in  different 
terrains  and  reservoir  sedimentation 

(3)  Basic  characteristics  of  river  mechanics  (hydraulic  geometry, 
hydraulic  roughness,  characteristics  of  river-bed  sediments) 

(4)  Circulation  of  water  in  lakes  and  reservoirs 

(5)  Littoral  drift  of  sand 

(6)  "Rafting"  by  plants 
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•  Paleohydrology 


Reconstruction  of  past  hydrologic  regimens  by  C-14  dating 

This  list  suggests  the  broad  scope  of  research  needs,  but  it 
merely  identifies  some  of  the  gaps  that  are  recognized  by  experts.  A  much 
longer  listing,  without  discussion,  is  contained  in  the  report  on  Scientific 
Hydrology  by  the  Ad  Hoc  Panel  on  Hydrology  presented  to  the  (U.  S.  )  Federal 
Council  for  Science  and  Technology5  in  1962. 

The  importance  of  adequate  water  supply  is  especially  great 
in  island  areas.  C.  A.  Macdonald25  considers  the  groundwater  problems 
to  be  of  prime  concern  in  the  development  of  the  Hawaiian  Islands.  As 
examples  of  specific  problems,  Macdonald  cites:  (1)  determination  of  the 
safe  yield  of  aquifers  in  critical  areas;  {2)  study  of  the  principles  of  fresh 
water-salt  water  relationships  in  the  Ghyben-Herzberg  lens;  (3)  quantitative 
hydrology  of  all  the  islands;  and  (4)  artificial  recharge. 

D.  BARRIERS  TO  ADVANCEMENT  OF  KNOWLEDGE 

The  main  obstacles  to  closing  the  gaps  in  knowledge  of  the 
physical  features  are  not  inadequacies  of  the  scientific  fields  involved  or  the 
methods  and  techniques  of  research.  Instead,  they  are  the  problems  of 
time,  resources,  communication,  and  transportation. 

•>0a 

In  the  authoritative  view  of  Dixey,  “  "Knowledge  of  the 
geology  of  a  region  in  sufficient  detail  to  be  of  value  for  scientific  or  eco¬ 
nomic  purposes  car.  be  acquired  only  by  geological  mapping,  but  this,  even 
with  every  modern  aid,  is  often  a  slow  and  exacting  process,  in  which  any 
one  country  requires  a  considerable  staff  of  experienced  geologists  for 
many  years..  In  view,  therefore,  of  the  general  slow  opening  up  of  Africa 
until  the  last  few  years,  it  is  not  surprising  that  a  considerable  part  of  the 
continent  is  still  unknown  or  only  slightly  known  geologically.;" 

OAL 

Another  expert,  J.  Rodier^  “has  commented  that  "hydro- 
logical  knowledge  of  the  equatorial  regions  (of  Africa)  is  limited  mainly 
because  of  the  recent  date  of  exploration  of  these  regions,  the  very  great 
difficulty  experienced  in  recruiting  observers  and  the  poor  communications.  " 
In  this  statement,  "communications"  means  transportation  and  specifically 
the  conveyance  of  equipment  to  the  field  and  of  observations  to  data-collecting 
centers. 


In  a  recent  discussion  of  the  activities  of  Peace  Corps  geologists 
in  Ghana,  O.  Gates25  noted  that  "it  took  them  about  six  months  to  learn  the 
specialized  technique  of  doing  geology  under  tropical  conditions.  They  had  to 
learn  how  to  keep  track  of  location  in  thick  jungle,  how  to  live  with  inaccur¬ 
acies  in  topographic  maps,  where  to  find  outcrops,  how  to  identify  deeply 
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weathered  rocks,  how-  to  handle  work  crews,  how  to  negotiate  with  local  chief 
and  district  commissioners,  where  to  obtain  food,  and  how  to  set  up  comfort¬ 
able  camps.  "  He  adds  that  "the  scarcity  of  good  exposures  of  bedrock  makes 
field  mapping  slow',  frustrating  and  too  generalized  to  permit  reasonably 
confident  and  detailed  geologic  conclusions.  "  Gates  refers  to  the  relatively 
short  life  of  jeeps  ir  this  region  and  the  expense  and  difficulty  of  obtaining 
repairs,  and,  in  reference  to  a  mineral  investigation  program,  the  lack  of  an 
access  road  and  suitable  drills. 

23 

In  1961,  J.  A.  Katili  informed  the  10th  Pacific  Science 
Congress  that,  despite  good  equipment,  the  advance  of  geologic  knowledge  m 
Indonesia  is  impeded  by  the  lack  of  funds  to  publish  results  of  governmental 
investigations,  the  refusal  of  competing  oil  companies  to  publish  results  cf 
their  investigations,  and  the  difficulty  researchers  have  in  obtaining  foreign 
journals  to  keep  abreast  of  geologic  progress  elsewhere.  The  problem  of 
concealment  of  knowledge,  referred  to  by  Katili,  is  one  of  unknown,  but  pre¬ 
sumably  large,  magnitude  in  many  3reas.  The  problem  of  poor  communi¬ 
cation  is  caused  by  difficulties  of  foreign  currency  exchange  in  Indonesia  and, 
no  doubt,  in  other  countries,  too. 

Note  has  been  taken  of  inadequate  dissemination  of  knowledge 
caused  by  the  apparent  failure  of  UN  organizations  to  publish  results  of 
their  scientific  and  technical  activities  and  distribute  them  so  that  they  will 
be  promptly  and  readily  available  (see  Section  B).  The  UN  and  its  agencies 
are  not  alone  in  permitting  this  breakdown  in  communications.  Less  easily 
substantiated,  but  well  recognized  by  scientific  information  expert?  as  a 
cause  of  poor  dissemination  of  knowledge,  is  the  failure  of  scientists  to 
make  adequate  use  of  available  liteiature.;  In  short,  whatever  the  causes, 
poor  communication  leads  to  stunting  of  scientific  development  and  needless 
duplication  of  effort. 

In  the  1953  Regional  Conference  on  Mineral  Resources 
Development  ^6  held  in  Tokyo  under  ECAFE  sponsorship,  it  was  stated 
by  a  Committee  on  Geological  Surveys  that  "the  geological  surveys  of  most 
countries  of  the  region  (Southerr,  Asia  and  the  Far  East)  were  understaffed.  .  , 
(and)  that,  with  some  exceptions,  training  facilities  for  geologists  in  the 
region  were  inadequate.  "  The  shortage  of  trained  scientists  is  a  common 
problem  n  the  developing  countries,  despite  continuing  training  programs. 

The  lack  of  financial  resources  is  the  most  compelling  barrier 
to  the  advancement  of  knowledge.  Tne  committee  cu  geological  surveys, 
reporting  to  the  ECAFE  Regional  Conference  in  1953,  felt  that  "because  of 
the  high  cost  of  systematic  surveys,  ...  it  was  primarily  the  responsibility 
of  governments  to  undertake  this  task.  "  The  high  priority  placed  on  syste¬ 
matic  inventories  of  resources  in  the  scientific  investigations  of  the  humid- 
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tropical  regions  is  well-established  {see  Section  B).  It  is  also  clear  from 
the  record  that  many  governments  of  these  regions  are  not  able  to  meet  the 
expense  of  prolonged,  intensive  surveys.  Massive  aid  from  the  more  affluent 
countries,  international  organizations  and  foundations  has  been  necessary  to 
activate  and  sustain  the  development  programs. 

It  is  not  surprising  that  the  more  purely  scientific  programs 
tend  to  have  les*  certain  support.  Thus,  the  current  status  of  the  UNESCO 
Humid  Tropics  Research  Program  has  become  unclear.  In  its  December 
1963  meeting,  the  Advisory  Committee  for  the  program,  commenting  on  the 
UNESCO  Proposed  Pregram  Budget  for  1965-66,  "noted  the  fact  that  the 
Humid  Tropics  Research  programme,  as  such,  is  eliminated  from  the  new 
(UNESCO)  programme,  although  some  provision  seems  to  be  made  for  most 
of  the  principal  continuing  activities.  .  .It  notes,  however,  with  considerable 
concern  that  by  combining  the  Humid  Tropics  programme  with  the  Arid 
Zone  (Research)  programme  and  other  activities  the  funds  available  for 
attention  to  humid  tropics  problems  are  considerably  reduced,  even  though 
they  have  previously  been  already  inadequate  to  carry  out  an  effective 
programme.  "® 

E.  AVAILABILITY  OF  D^TA 

1-  Authorities 

Persons  who  have  conducted  significant  investigations  of 
some  aspect(s)  of  physical  features  of  the  humid  tropics,  regardless  of 
their  present  locations,  are  considered  authorities  and  sources  of  infor¬ 
mation.  They  are  listed  in  Appendix  A  (Authorities). 

2.  Depositories 

Appendix  B  (Principal  Eu  positories)  of  this  compendium 
should  be  consulted  to  determine  the  amount,  type  and  availability  of  humid- 
tropical  regional  research  materials  iocated  iti  depositories  containing 
holdings  important  in  quantity,  quality,  or  in  both  respects. 

3.  Maps  and  Aerial  Photographs 

Appendix  C  (Inventory  of  Maps  and  Aerial  Photographs)  should 
be  consulted  to  determine  the  amount,  type,  scale,  recency,  reliability, 
areas  of  coverage,  and  the  other  pertinent  data  concerning  map  and  air-photo 
coverage  of  the  humid  tropics.  Additional  sources  and  indices  are  noted 
there  for  more  detailed  information. 
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4.  Research  Organizations 

This  Inventory  is  supplemented  by  a  Directory  of  Institutes 
Primarily  Devoted  to  Humid  Tropics  Rescd’-'h,  compiled  by  T.  L.  Hills 
(McGill  University,  Montreal)  for  the  International  Geographical  Ur:on, 
with  the  support  of  the  Army  Research  Office,  and  issued  in  1965.  ".  he 

Directory  identifies  organizations  engaged  in  special  investigations  ::f 
humid- tropical  environment. 

Appendix  B  (Principal  Depositories)  of  the  present  volume 
includes  research  institutions  that  are  also  important  depositories. 

5.  Bibliography  and  KW1C  Index 

Volume  I  of  this  Inventory  (KWIC  Index  —  Humid  Tropic 
Environmental  Literature),  contains  the  bibliography  that  was  collected  at 
domestic  and  foreign  depositories.  The  bibliography  has  been  indexed  in 
the  KWIC  (Keyword  in  Context)  format  to  assist  users  in  rapid  searching 
of  titles. 


The  volume  contains  five  sections:  A  —  Frequency  of  Stop 
Words;  B  —  Frequency  of  OK  Words;  C  —  Author  Listing  and  Index;  0  — 
Keyword  Listing  and  Index;  E  —  Bibliographic  Listing  and  Index.  The  iast 
section  (E)  is  arranged  in  geographic,  subject  and  author  order. 


In  the  category  of  Physical  Features,  the  Inventory  contains 
4153  titles.  Approximately  half  deal  with  surface  configuration  and  he  re¬ 
mainder  are  divided  almost  equally  between  titles  on  surface  materials  and 
hydrology.  Among  the  humid-tropical  regions,  Africa  and  Latin  America 
have  received  most  attention  in  the  literature. 

F.  PRINCIPAL  NEEDS  FOR  ADVANCING  STATE  OF  KNOWLEDGE 

The  special  needs  in  respect  to  physical  features  of  the  humid 
tropics  are  common  to  all  the  sciences  involved  and  the  supporting  tech¬ 
nologies: 


•  Complete  coverage  of  the  humid  tropics  with  standardized, 
detailed  data 

»  Development  of  criteria  for  application  of  data  to  different 
practical  (military,  civilian)  problems 
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•  Development  of  tools  and  procedures  for  making  standard¬ 
ized  measurements  and  interpretations. 

•  Synthesis  of  data  with  other  environmental  information  for 
definition  of  regional  environmental  types  and  development 
of  analog  patterns 

•  Development  of  rapid  data  storage  and  retrieval  systems 
aimed  at  permitting  special  assemblages  of  d.'-ta  on  demand 

c  Development  of  mechanisms  for  efficient,  regular  exchange 
of  information  developed  in  humid  tropics  and  elsewhere 

G.  RECOMMENDATIONS  FOR  ADVANCING  THE  STATE  OF  KNOWLEDGE 

Some  actions  necessary  to  close  the  gaps  in  knowledge  and 
make  information  more  readily  available  are  being  taken,  as  the  review 
of  current  programs  has  indicated  (see  Section  B).  On  the  whole,  it  is 
not  the  lack  of  programs  that  is  so  serious  but  the  slow  rate  of  progress 
toward  the  ultimate  goals.  Thus,  the  recommendations  that  can  be  made 
refer  both  to  initiation  of  action  and,  where  applicable,  to  continuation  and 
improvement  of  existing  action. 

(1)  In  the  developing  countries  of  the  humid  tropics,  aid  from 
the  United  Nations  and  its  agencies,  intergovernmental  organizations,  and 
foreign  governments  is  instrumental  in  producing  urgently  needed  data  for 
economic  development  and  establishing  national  scientific  and  technical 
services  capable  of  acting  independently  in  the  future.  Where  programs 
have  not  been  started,  they  should  be  started  promptly;  where  programs 
are  in  progress,  eve  y  effort  should  be  made  to  accelerate  them. 

(2)  The  training  of  nationals  of  the  humid -tropical  countries  to 
assume  the  responsibility  for  scientific  and  technical  investigations  is  not  pro¬ 
gressing  with  commendable  speed.  This  weakness  will  probably  persist  until 
general  education  becomes  widespread  and  more  trainees  are  available. 
However,  R.  W,  Fairbridge  cautions  against  placing  these  nationals  in 
foreign  universities  in  which  the^  are  not  prepared  to  compete,  partly 
because  of  the  language  barrier.  Instead,  he  recommends  that  these  students 
be  given  an  opportunity  first  to  become  acclimated  by  attending  schools  with 
special  facilities  for  foreigners  for  a  year  or  two. 

Programs  should  be  initiated  or  accelerated  without  delay. 
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(3)  Inadequate  dissemination  of  knowledge  is  an  acute  problem 
in  all  parts  of  the  world,  but  nowhere  more  than  in  the  humid  tropics.  The 
problems  begin  with  the  prolonged  delays  in  publication  of  reports  and  maps. 
More  funding  is  necessary  lo  permit  scientific  agencies  to  make  their  find¬ 
ings  available  as  soon  after  they  have  been  compiled  as  is  possible.  Rapid, 
full  interchange  of  information  among  researchers  will  require  cooperation 
of  international  organizations  (especially  scientific  unions  and  societies)  in 
making  use  of  and  founding  new  clearinghouses. 

(4)  In  his  recommendations  to  UNESCO  for  advancement  of  geo¬ 
logic  knowledge  of  Africa,  Dixey^®a  comments  on  the  need  for  improvement 

of  conditions  of  employment  for  geologists  with  government  surveys  and  the 
need  for  liaison  between  surveys  and  universities  so  as  to  secure  assistance 
on  specialized  problems  from  geologists  in  the  latter  institutions. 

(5)  Dixey  emphasizes  the  need  for  initiating  and  expanding  photo¬ 
graphic  and  topographic  surveys.  Topographic  base  maps  are  indispensable 
for  geologic  and  soil  surveys.  Photographs  are  needed  for  photogrammetric 
production  of  topographic  maps  and  as  a  direct  source  of  geologic,  geo- 
morphic,  and  soils  data. 

For  the  humid  tropics,  B.  J.  Gamier  believes  that  the  full 
value  of  airphoto  surveys  has  not  been  gained*  In  general,  "the  value  of 
airphotos  as  a  means  of  establishing  various  physical  characteristics  is 
well-known;  so  are  their  limitations.  In  the  particular  context  of  the  humid 
tropics,  however,  it  should  be  realized  that  these  photos,  if  they  exist, 
can  be  examined  outside  the  area  by  experts  in  midlatitude  institutions.  Thus, 
it  may  be  possible  to  make  up  for  (a)  the  iack  of  trained  local  personnel  m 
tropical  lands  and  (b)  the  reluctance  of  midlatitude  personnel  to  take  on  long¬ 
term  or  permanent  pests  in  the  tropics  where  future  conditions  are  uncertain. 
Gamier  feels  that  possibly  "the  best  contribution  which  many  nontropical 
countries  could  make  is  by  having  their  experts  work  on  duta  which  do  not 
require  the  interpreter's  physical  appearance  in  the  tropics.  Airphotos 
would  provide  such  data,  allowing  always  for  their  limitations  in  a  tropical 
context."  Gamier,  therefore,  recommends  activation  of  an  airphoto  program 
for  the  humid  tropics. 

R.  W.  Fairbridge  calls  attention  to  the  need  for  remote 
sensing,  making  use  of  film/filter  combinations,  infrared  and  radar 
imagery,  with  all  systems  combined  in  a  single  aircraft.  ~~  Fairbridge 
notes  that  multisensing  is  necessary,  particularly  m  the  tropics,  be¬ 
cause  of  the  prevalence  of  haze  and  clouds  which  limit  surveys  in  some 
areas  to  a  few  weeks  in  a  year. 


(6)  General  development  of  these  regions  will  be  expedited  by 
removal  of  legal,  taxation  and  communication  barriers  to  the  development 
of  already  knowr  mineral  deposits  for  foreign  trade.  It  will  also  be  assisted 
by  the  development  of  rock,  soil,  and  mineral  resources  for  local  use  in 
building  and  agriculture. 

The  well-defined  recommendations  for  the  improvement  of 
hydrologic  knowledge  merit  separate  comment,  although  some  coincide  with 
those  relating  to  geology,  geomorphology,  and  soil  science. 

The  program  recommended  by  the  Intergovernmental  Meeting 
of  Experts  on  Scientific  Hydrology  in  1964  for  the  International  Hydrologic 
Decade  contains  the  following  basic  components:^ 

(1)  Appraisal  of  the  state  of  knowledge  of  the  hydrology  of  the  world 
and  identification  of  the  principal  gaps  in  that  knowledge 

(2)  Standardization  of  instruments,  observations,  techniques,  and 
terminology  for  the  collection,  compilation,  and  reporting  of 
data 

(3/  Establishment  of  basic  networks  and  improvement  of  existing 
networks  to  provide  fundamental  data  on  hydrologic  systems 
ranging  in  size  from  small  watersheds  to  the  whole  world 

(4)  Research  on  hydrologic  systems  in  selected  geologic,  geographic, 
topographic,  and  climatic  environments ,  constituting  "representa¬ 
tive  basins" 

(5)  Research  cti  specific  hydrologic  problems  of  such  urgency  and 
special  nature  as  to  require  considerable  international  effort 

(6)  Theoretical  and  practical  training  in  hydrology  and  related  subjects 

(7)  Systematic  exchanges  of  information 

In  addition,  the  following  basic  operations  are  considered 
necessary  to  execute  the  program: 

(1)  Increase  in  network  of  observation  stations  (piuviometric,  hydro- 
metric,  hydrogeologic,  hydrometeorologic)  and  standardization 
of  measurements 

(2)  Designation  of  special  Decade  stations  to  obtain  data  of  comparable 
quality  in  each  country 

(3)  Designation  of  representative  basins  to  carry  out  studies  aimed  a r 
obtaining  a  better  understanding  of  the  hydrologic  cycle 
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(4)  Selection  of  experimental  basins  in  which  natural  conditions  are 
deliberately  modified 

(5)  Designation  of  benchmark  stations  and  basins  —  in  which  natural 
hydrologic  regimens  are  unchanged  by  man  —  to  provide  reference 
data  for  interpreting  long-term  trends  in  the  hydrologic  cycle 


The  Experts  on  Scientific  Hydrology  provided  explanations 
of  their  recommendations  and  outlined  in  detail  the  individual  topics  to  be 
examined  by  the  Decade  program.  Their  expert  opinion  is  reinforced  by 
the  proposals  submitted  earlier  by  the  Ad  Hoc  Committee  on  International 
Programs  in  the  Atmospheric  Sciences  and  Hydrology  of  the  (U.S. )  National 
Academy  of  Sciences -National  Research  Council  in  1963^  and  the  Ad  Hoc 
Panel  on  Hydrology  of  the  (U.S.)  Federal  Council  for  Science  and  Technology 
in  1962. ^ 


\ 


The  Experts  on  Scientific  Hydrology  look  to  national  commit¬ 
tees  in  the  member  states,  scientific  organizations  (such  as  the  International 
Association  for  Scientific  Hydrology  and  the  International  Association  of 
Hydrogeologists),  UN  organizations  (UNESCO,  FAO,  WMO,  and  others),  and 
a  coordinating  council  drawn  from  member  states  of  UNESCO  to  implement 
and  monitor  the  Decade  program.  The  NAS-NRC  Ad  Hoc  Committee  (full 
♦itle  above)  discussed  implementation  of  international  programs  in  much  the 
same  vein  but  mainly  from  the  standpoint  of  encouragement  and  assistance 
that  should  be  provided  by  the  United  States. 

The  recommendations  for  advancement  of  scientific  knowledge 
of  the  humid  tropics  made  by  scientific  and  technical  bodies  do  not  refer  to 
military  applications,  but  the  accomplishment  will  be  contributory  to  these 
special  purposes.  It  is  necessary,  however,  for  military  research  and 
development  agencies  to  extend  their  efforts  in  the  direction  of  improving  the 
conversion  of  basic  data  to  the  needs  of  military  operations  if  terrain  intel¬ 
ligence  is  to  remain  viable.  It  is  less  the  function  of  military  agencies  to 
gather  the  basic  data  than  to  assist  the  scientific  and  technical  organizations 
in  the  development  of  research  tools  and  techniques.  The  interplay  between 
military  and  nonmilitary  research  objectives  was  established  in  World  War 
I  and  has  reached  a  stage  ox  extensive  overlap,  as  current  research  projects 
sponsored  by  military  organizations  demonstrate. 
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CHAPTFR  III 

PLANT  AND  ANIMAL  LIFE* 


A.  INTRODUCTION 

Approximately  two-thirds  of  the  world's  plant  species  are 
found  in  the  humid  tropical  one-third  of  its  land  area,  A  considerable  part 
of  the  biological  world  of  the  tropics  needs  identification  as  an  initial  step 
toward  understanding  this  region.  Scientists  estimate  that  some  25,  000  plant 
species  in  the  Amazon  Basin  alone  have  yet  to  be  discovered.**  Within  this 
same  area,  the  plant  ecology  and  geography  remain  in  the  stage  oi  observa¬ 
tion  under  existing  conditions. *  The  need  for  additional  extensive  and 
descriptive  as  well  as  intensive  and  analytical  efforts  into  the  enormous 
quantity  and  diversity  of  plant  and  animal  hie  of  the  humid  tropics  can  be 
readily  appreciated. 

1.  Systematic  Field  of  Interest 

Within  the  field  of  tropical  plants  and  animals,  this  report 
emphasizes  the  folic  ing: 

•  Plants 

Forest  and  shrub  associations:  distribution  patterns  of 
trees  and  associations,  location,  principal  species, 
density,  height,  diameter  of  trunk  or  stem,  density  of 
canopy,  seasonality  of  foliage,  color,  albedo,  forest 
litter,  root  systems,  fungi,  plants  with  thorns  or  spines, 
cutting  edges,  irritants,  seasonal  susceptibility  to  fire, 
herbicides,  defoliants 

Grasses:  location,  principal  species,  seasonal  charac¬ 
teristics,  color,  albedo,  heights,  density,  seasonal 
susceptibility  tc  fire,  plants  with  thorns  or  spines,  cut¬ 
ting  edges,  irritants,  herbicides,  defoliants 


♦  Dr.  Charles  F.  Bennett  Jr.  (UCLA),  Dr.  Robert  N.  Colwell  (University  of 
California),  Dr.  Pierre  Dansereau  (N.  Y.  Botanical  Garden),  Dr.  Bassett 
Maguire  (N.Y.  Botanical  Garden),  and  Dr.  Paul  W.  Richards  (University 
of  North  Wales),  acting  as  consultants  to  lexas  Instruments  for  this  pro¬ 
gram,  have  critically  reviewed  this  chapter  in  its  draft  stages. 

♦♦Maguire,  Bassett,  1965:  Personal  Communication  dated  Oct.  5. 
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Crops:  location,  principal  species,  heights,  density, 
seasonal  aspects,  harvesting,  color,  albedo,  use  of 
irrigation,  flooding,  terracing,  spraying,  seasonal 
susceptibility  to  fire 

Utilization:  suitability  for  food,  construction  material, 
camouflage 

Indicator  significance 

•  Animals 

Distribution:  geographical  distribution  or  range,  specific 
habitat,  movements  and  migrations,  numbers,  density 

Significance:  poisonous,  disease  vectors  (vertebrate  and 
invertebrate)  and  reservoirs,  food  sources,  destructive, 
predatory,  pests,  parasites 

Habits:  method  of  locomotion,  preferred  time  of  activity, 
life  span,  breeding,  feeding,  phenology 

Countermeasures:  control  measures,  repellants,  antidotes, 
disinfestation 

2.  Limitations 

The  major  limitation  to  research  on  tropical  plant  and  animal 
life  may  be  the  wealth  of  tropical  plant,  animal  taxa  and  life  forms,  which 
imposes  a  tremendous  obstacle  to  scientists  attempting  to  gain  a  thorough 
knowledge  of  them. 

Studies  of  tropical  plants  and  animals,  for  the  most  part,  tend 
to  be:  (1)  studies  focused  on  a  single  taxon  at  a  specific  level;  (2)  broad 
studies  with  geographic  scopes  covering  entire  continents  and  taxonomic 
scopes  covering  classes,  orders  or  even  phyla. 

While  many  herbaria  and  zoological  gardens  in  the  midlati¬ 
tudes  have  tropical  collections,  seldom  can  this  kind  of  facility  re-create  the 
true  natural  environment.  Complete  understanding  of  the  organisms  can  be 
achieved  only  by  studies  conducted  on  plants  and  animals  in  their  native  habi¬ 
tat.  This  lack  of  field  studies  has  limited  the  progress  of  tropical  ecological 
research. 


3.  Value  of  Research 

a.  Importance  to  the  Military 

From  the  standpoint  of  high-level  or  tactical  decisions 
knowledge  of  the  plants  and  animals  of  the  humid  tropics  is  important. 

Surface  plant  cover  significantly  affects  military  operations 
in  a  variety  of  ways: 

•  Facilitates  or  impedes  movement  of  personnel  and 
mechanized  equipment 

•  Accentuates  or  conceals  evidence  of  military  activity 

•  Governs  ease  with  which  clearings  can  be  made  for  con¬ 
struction  of  roads,  airfields  and  military  installations 

•  Serves,  on  occasion,  as  a  source  of  fuel,  food  or 
construction  materials 

In  addition,  certain  types  of  vegetation  serve  as  indicator 
species  to  soil  type,  drainage  conditions  or  other  factors  of  interest  to  the 
military.  An  entire  Appendix  volume  devoted  to  vegetation  was  prapared  in 
connection  with  the  ground  mobility  studies  performed  in  Thailand  by  the 
U.S.  Army  Corps  of  Engineers.^  Factors  considered  included 


•  Vehicular  path  length:  due  to  obstacles  produced  by 
large  plants  or  clumps  o.'  small  plants,  vehicles  may 
be  forced  to  alter  their  course  in  order  to  proceed 
toward  their  objective. 

•  Frictional  impedances:  produced  primarily  by  the  effect 
of  large  numbers  of  small  plants  acting  as  a  unit;  the 
energy  required  to  overcome  such  friction  varies  vith 
the  size,  density  and  strength  of  the  plants  involved. 

•  Vehicle  damage:  caused  by  buildup  of  crushed  plants 
between  the  inner  surface  of  tue  vehicle';'  tracks  and 
the  driving  sprocket  or  idler,  which  can  break  the 
tracks;  also,  thorny  plants  puncture  pneumatic  tires, 
and  broken  plant  parts  block  airflow  to  the  radiator, 
causing  air-cooled  engines  to  overheat. 

•  Visibility:  the  speed  at  which  vehicles  can  operate  is 
largely  dependent  upon  visibility  and  the  driver's 
knowledge  of  the  area. 
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Camouflage,  escape,  evasion,  and  sometimes  individual  or 
unit  survival  may  depend  upon  vegetation.  The  survival  capability  of  sol¬ 
diers  is  enhanced  ky  knowledge  of  surface  cover  and  of  edible,  medicinal 
and  poisonous  fruits,  plants  and  roots. 

Research  on  tropical  animals  also  provides  input  for  another 
critical  element  of  the  environment  in  the  humid  tropics.  The  Anopheles 
mosquito  and  the  tsetse  fly  are  examples  of  the  many  insect  disease  vectors 
found  in  this  area.  Scrub  typhus,  a  disease  carried  by  mites  which  occur  in 
grassland  areas,  was  a  serious  problem  for  military  forces  in  some  areas 
in  the  last  World  War.  Recent  military  operations  in  Malaya  also  have  been 
hampered  by  the  occurrence  of  this  disease.  There  are  various  other  impor¬ 
tant  tropic-1  diseases  such  as  leptospirosis  and  those  due  to  parasitic  worms 
(hookworm,  schistosomiasis,  onchocerciasis,  etc.).  Research  on  tropical 
insects  has  led  to  limitation  and  partial  control  of  such  diseases  as  yellow 
fever,  malaria  and  other  zoonoses  which  once  were  severe  problems  to 
tropical  ope  ration  s. 

Among  the  varieties  of  poisonous  snakes  found  in  the  humid 
tropics  are  the  Australian  death  adder  (Aconthophis  spp. ),  tropical  and 
South  African  mambas  or  tree  cobras  (Dendroapis  spp.),  and  the  many 
species  of  viperidae  such  as  the  bushmaster  (Lacheses  spp. )  which  ranges 
from  tropical  Brazil  to  Panama.  Relative  to  other  health  hazards,  however, 
poisonous  snakes  are  not  cox.sidered  a  more  serious  threat  in  the  humid 
tropics  than  in  other  parts  of  the  world.  While  snakes  are  not  aggressive 
generally,  their  effect  on  morale  may  be  of  more  than  routine  concern.  The 
Arctic,  Desert,  Tropical  Information  Center,  Maxwell  Air  Force  Base, 
has  produced  guides  to  the  distribution,  identification  and  characteristics  of 
the  poisonous  snakes  of  many  areas  of  the  world.  ^ 


Studies  of  the  habits  of  edible  animals  are  needed  in  order  to 
'increase  survival  capabilities. 


b.  Importance  to  Civilians 

Laving  standards  and  economic  status  in  the  humid  tropics  are 
directly  related  to  the  extent  of  knowledge  of  natural  resources  and  how  they 
may  be  exploited  most  advantageously.  Forests,  for  example,  occupy  approx¬ 
imately  one-fourth  of  Africa's  total  land  surface;  yet,  only  one-third  of 
these  accessible  forests  have  been  or  are  being  worked.-*  Because  of  the 
composition  of  the  forests  (many  species,  only  a  few  of  which  have  high 
economic  value),  the  yield  per  unit  area  is  low.  Also,  large  areas  of  forest 
capable  of  producing  large  quantities  of  timber  are  burned  yearly  in  the 
process  of  shifting  cultivation,  which  is  a  form  of  agriculture  with  relatively 
low  productivity. 
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Improvement  in  the  field  of  agricultural  production  is  of  vital  , 

concern  in  many  tropical  areas  because  the  diets  of  tropical  peoples  tend  to 
be  protein-deficient.  Introduction  of  new  and  different  species  of  cattle, 
crops,  timber,  and  grasses  into  several  tropical  areas  has  had  limited  suc¬ 
cess,  and  efforts  are  being  made  in  West  Africa  and  Malaya  to  develop  sea- 
and  fresh-water  fisheries.  Lack  of  application  of  proper  techniques  of  ani¬ 
mal  husbandry  and  veterinary  practices  has  led  to  failure  of  development 
schemes  such  as  the  Gambian  egg  scheme.  The  East  African  groundnut 
experir  vent  failed  because  of  the  lack  of  a  pilot  experiment  preceding  the 
large-scale  operations  (because  of  political  pressure)  and  insufficient  cli-  ’ 

matic  data.  The  failures  of  the  Ford  rubber  estates  on  the  Trapajos  river,  J 

an  ares  of  the  Amazonia,  occurred  where  climates  are  least  favorable. 

Human  diets  in  most  of  the  humid  tropics  can  be  improved  sig¬ 
nificantly  b>  additional  botanical  and  zoological  research.  Some  staples  such 
as  xice  and  bananas  already  have  benefited  by  research  programs,  but  there 
is  still  much  work  to  be  done  on  maize,  cassava  and  other  staples,  particu-  • 

larly  in  the  area  of  pest  attacks,  microbial  diseases  and  parasites. 

Except  in  a  few  areas,  e.  g. ,  Java,  Thailand,  where  the  soils 
and  climates  are  unusually  favorable,  the  subsistence  crops  in  humid -tropical 
countries  are  grown  mainly  or  entirely  on  shifting  systems  of  cultivation. 

These,  although  fairly  satisfactory  for  small  populations,  usually  are  not  i 

sufficiently  jroductive  and  cannot  support  dense  populations.  The  need  is  to 
devise  high-yielding  permanent  agricultural  systems  which  will  not  lead  to 
soil  deterioration. 

B.  STATUS  OF  RESEARCH 

1.  History  of  t.ie  Development 

The  modern  scientific  study  of  tropical  plants  and  animals 
may  be  traced  back  to  the  19th  century.  Charles  Darwin  (during  the  expedi¬ 
tionary  cruise  of  the  HMS  BEAGLE)  and  A.R.  Wallace,  working  in  the  trop¬ 
ics  of  Southeast  Asia,  gained  insights  which  have  strongly  influenced  subse¬ 
quent  biological  studies.  Darwin's  evolutionary  theories  began  with  his 
speculations  on  the  nature  of  the  fauna  encountered  in  the  Galapagos  Islands; 

Wallace's  conclusions,  based  on  work  in  South  America  (Rio  Negro  and  Upper 
Orinoco)  and  Malaya,  were  essentially  identical.  In  July  1858,  a  joint 
paper  was  delivered  before  the  Linnean  Society  of  London  setting  forth  their 
evolutionary  hypothesis  of  natural  selection.  Later,  each  expanded  further 
on  these  studies  as  Darwin  wrote  The  Origin  of  Species  by  Means  of  Natural 
Selection  and  Wallace  wrote  The  Geographical  Distribution  of  Animals. ^ 

These  scientists,  by  their  work  in  the  tropics,  were  able  to  lay  down  some  of 
the  fundamental  hypotheses  which  remain  the  keystone  of  modern  evolutionary 
theory. 


>n 


49 


QVTtvtOVV 


a.  Plants 


Plant  geography  originated  with  the  travels  and  writings  of 
Alexander  von  Humboldt  whose  essay  on  the  geography  of  plants  v.as  based 
on  the  concept  of  studying  the  distribution  of  organic  life  as  related  to 
habitat. ^  He  is  credited  with  making  the  firsv  contribution  to  what  is  now 
termed  synecology  or  study  of  biological  communities.  His  application  of 
systematic  classification  and  comparison  of  observed  phenomena  represents 
the  initial  step  from  qualitative  to  quantitative  description. 

The  idea  of  an  inevitable  sequence  of  communities  leading  to 
a  climax  characteristic  of  the  climatic  conditions  of  the  tropical  region  was 
developed.  A.F.W.  Schimper  divided  vegetation  into  tropical,  temperate 
and  arctic  types  by  zones  of  latitude.®  He  then  divided  the  formation  types 
in  each  zone  of  latitude  and  belt  of  altitude  into  climatic  formations  deter¬ 
mined  by  precipitatioi  and  edaphic  formations  determined  by  the  soil  or  its 
moisture  content.  Schimper's  work  also  represents  one  of  the  earliest 
attempts  at  vegetation  cartography  using  a  formation  basis.  Von  Faber's 
revision  of  Schimper  in  1935  which  attempted  global  classification, 
recognized  15  formation-classes.^ 

Later  classifications  were  based  on  other  criteria:  Warming 
based  his  primarily  edaphic  classification  on  water  balance;10  F.  E. 

Clements  made  a  great  advance  when  he  introduced  the  concept  of  the  vege¬ 
tation  climax  and  emphasized  the  importance  of  plant  succession.  Although 
Clement' s  ideas  still  are  challenged,  they  form  the  basis  for  many  accepted 
ecological  principles. 

Other  scientists  rejected  or  modified  these  classifications 
as  they  saw  fit.  Chipp  and  Tansleyll  outlined  concepts  modified  from  those 
of  Clements  which  are  widely  used  in  tropical  vegetation  work.  Tansley, 
who  for  many  years  influenced  ecological  thought,  mainly  followed  Clem¬ 
ents  but  added  a  simplification  of  terms  designed  to  relieve  the  problems  of 
recognizing  and  defining  biotically  controlled  climaxes  in  different  geographic 
regions.  1939,  Tansley  joined  with  Watt  and  Richards  to  publish  a 

scheme  for  recording  structure,  life  form  and  flora  of  tropical  forest  com¬ 
munities  as  a  basis  for  their  classification.  ^  Aubreville^  recognized  six 
main  vegetation  types  in  Africa  and  divided  each  into  climatic,  edaphic  and 
degraded  formations.  ^ 

Beard's  system  of  classification  by  physiognomic  characters 
of  the  vegetation  used  extensively  in  New  Guinea  involved  three  levels:  flc- 
ristic  (or  association)  grouped  into  structural  units  (formations)  and  into 
environmental  units  (formation  series).^  The  system  pointed  up  obvious 
gaps  in  the  communities  recorded  and  facilitated  description  when  a  continu¬ 
ous  series  of  vegetation  types  was  encountered. 


Several  floristic  classifications  have  been  attempted,  dating 
back  to  Schouw  who  selected  25  kingdoms  and  named  them  for  the  most 
characteristic  plants.  Raunkiaer's  floristic  approach  published  in  1903 
classified  plants  on  a  statistical  basis  according  to  the  position  of  their 
regenerating  parts  and  initiated  **  e  practice  of  grading  actual  plant  com¬ 
munities.  *8  His  leaf-size  classes  introduced  in  1934  have  been  a  much- 
employed  scale  for  grading  plant  communities  under  contrasting  climates. 

J.  Braun- Blanquet  developed  a  system  which  is  based  mainly  on  floristic 
composition  and  which  pays  little  regard  to  physiognomy.  19  The  Braun- 
Blanquet  system  requires  concentrated  analysis  to  reveal  the  whole 
structure  of  the  vegetation  and  relationships  between  plants  of  a  community. 

A  more  recent  floristic  classification  is  that  of  Good  whose 
objective  may  be  stated  as: 

"...  to  divide  the  land  surfaces  of  the  world  into  a  conve¬ 
nient  but  not  too  large  number  of  regions,  each  of  which  may  be 
regarded  as  supporting  a  flora  cf  its  own;  that  is  to  say,  a  flora 
which  is  characteristic  of  the  region.  This  essentially  historical 
and  phylogenetic  conception  of  the  regions  is  of  great  importance 
not  only  as  a  step  toward  the  broade*  understanding  of  plant  geog¬ 
raphy  in  general  but  also  because  it  helps  to  lessen  the  problem 
of  treating,  as  equivalent,  floras  which  are  in  fact  very  different 
in  nature,  size  end  richness." 

Braun- Blanquet  employed  a  system  of  vegetation  cartography 
using  detailed  combinations  of  colors  and  symbols  for  designating  vegetation 
and  environment  factors.  A  highly  developed  vegetation  cartographic  sys¬ 
tem  also  was  employed  by  Gaussen  in  the  French  Mediterranean  and  tropical 
Tahiti.^ *  It  produces  maps,  which  serve  equally  well  as  climatic  or  vege¬ 
tation  maps,  but  requires  an  immense  amount  of  data  for  construction.  Both 
Kuchler^  and  Dansereau^  have  devised  systems  of  notational  symbols  to 
record  structural  characteristics  of  the  vegetation  types  portrayed  on  maps. 

M.  Y.  Nuttonson  at  the  American  Institute  of  Crop  Ecology 
has  been  producing  agroclimatic  analogs  since  1935.  Several  of  these  stu¬ 
dies  have  been  conducted  in  the  Southeast  Asian  tropics. 

One  of  the  most  outstanding  contemporary  works  on  tropical 
vegetation  is  Richards'  ecological  study.  The  Tropical  Rain  Forest.  24 
H.  Walter's  standard  German  work  on  the  vegetation  of  the  tropics  published 
in  1962°*  is  the  successor  to  Schimper's  Plant  Geography.  Other  contempo¬ 
rary  scientists  who  have  made  significant  contributions  to  the  study  of  trop¬ 
ical  vegetation  are  F.R.  Fosberg,  C.G.G.J.  van  Steenis,  B.  Maguire,  L.R. 
Holdridge,  S.  Cain,  G.  Budowski,  C.  Troll,  F.  White,  D.  B.  Fanshawe,  and 
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H.  A.  Gleason.  P.  S.  Ashton!s  Ecological  Studies  of  the  Mixed  Dipterocarp 
Forests  of  Brunei  State2^  and  Schulz's  study  of  the  Surinam  rain  forest  are 
considered  important  contributions  to  the  knowledge  of  mixed  tropical  forests. 

While  early  works  are  sti  ong  in  description,  more  recent 
works  are  largely  quantitative.  Several  recent  phases  of  the  study  of  trop¬ 
ical  flora  are  (1)  the  descriptive  phase  which  flourished  as  recently  as  the 
early  forties  and  (2}  the  mathematical  phase  which  followed  and  persisted 
until  the  mid- 50' s.  Today,  the  two  approaches  to  plant  geography  are  the 
floristic  school  which  attempts  to  establish  the  areal  extent  of  a  particular 
species'  distribution  and  the  ecological  school  which  studies  the  species' 
distribution  in  relation  to  its  environment.  ^ 

So  far,  no  entirely  acceptable  method  nas  been  developed  for 
classifying  vegetation  on  the  basis  of  structural  properties  important  in 
military  operations.  Structural  classifications  must  consider  dimensional 
characteristics  such  as  height,  crown  shape  and  stem  diameter;  physical 
properties  such  as  woodiness,  deciduousness  and  leaf  characteristics;  and 
distribution  such  as  spacing  of  stems  and  coverage  of  canopy.  The  most 
advanced  of  the  few  classifications  of  this  type  is  a  modified  version  of  a 
system  developed  by  Pierre  Dansereau  under  contract  with  the  U.S.  Army 
Engineer  Waterways  Experiment  Station.2^  Dansereau's  "Universal  System 
for  Recording  Vegetation"  offers  a  method  for  depicting  physical  charac¬ 
teristics  of  vegetation  and  site  conditions  in  terms  of  simple  concepts. 

b.  Animals 


Scientific  zoogeography  may  be  said  to  date  from  the  time  of 
the  studies  and  writings  of  the  Frenchman  Buffon  and  the  German  E.  A.  W. 
Zimmer mann  during  the  late  18th  century.^®  Through  their  works  on  the 
distribution,  description  and  classification  of  faunal  associations,  it  became 
possible  to  determine  that  various  areas  of  the  world  were  distinguished  by 
specific  groups  of  animals.  In  1778,  J.C.  Fabricius  published  his  Philos ophia 
Entomologica  in  which  he  regionalized  the  world  zoologically.  Sdater's 
work.  On  the  General  Geographical  Distribution  of  the  Members  of  the  Class 
Aves,  published  in  1858,  is  a  significant  effort  in  this  field.  Sclater  divided 
the  world  into  six  major  divisions  —  Palearctic,  Nearctic.  Ethiopian.  Indian 
(later  replaced  by  Oriental),  Neotropical,  and  Australian.  It  is  this  set  of 
divisions  which  gained  the  greatest  support  anti,  with  minor  modifications, 
is  used  by  the  present  generation  of  zoogeographers. 


Until  World  War  I,  historical  and  regional  studies  dominated 
zoogeography,  but  neither  subdivision  of  the  field  distinguished  itself.2® 
Today,  there  are  four  approaches  to  zoogeography:  the  regional,  the  his¬ 
torical,  the  ecological^  %  and  the  cultural  recently  proposed  by  Bennett.  ^ 
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Probably  the  most  noteworthy  zoogeographical  books  of  recent  years  are 
Darlington's  Zoogeography,  a  work  on  global  geographical  distributions 
•  primarily  of  vertebrates,  and  Hesse's  Ecological  Animal  Geography.  ^ 

Other  contemporary  scientists  who  have  made  significant  contributions  to 
the  study  of  tropical  animal  life  are  S.  D.  Ripley,  J.  Marshall,  A.  Wetmore, 

T.  Borgmeier,  F.  Bourliere,  P,  Slud,  A.  Keast,  and  E.  Wilson. 

2.  Evaluation  of  the  Development 

Most  of  the  data  and  theories  of  the  botanical  field  refer  to 
nontropical  regions  and  generally  are  not  applicable  to  the  tropical  world 
without  modification.  Yet,  several  of  the  major  advancements  in  the  field 
have  occurred  as  a  result  of  actual  field  experience  in  the  tropics. 31  For 
example,  it  is  very  questionable  that  Schimper  would  have  written  his  Plant 
Geography**  had  he  never  left  Germany.  Darwin's  and  Wallace's  theories 
of  natural  selection  and  evolution  were  influenced  by  visits  to  tropical  areas. 

Research  in  tropical  zoogeography  and  zoology,  similar  to  non¬ 
tropical  studies,  tends  toward  either  broad  or  narrow  extremes.  Efforts 
have  been  concentrated  on  the  study  of  the  entire  animal  life  of  a  continent 
or  study  of  the  taxonomy,  morphology  or  distribution  of  a  single  genus  or 
species  in  a  select  area.  The  extreme  taxonomic  diversity  of  tropical 
animals  has  led  to  major  gaps  of  knowledge  on  tropical  faunas.  Ideally, 
studies  of  entire  animal  environments  of  areas  smaller  than  a  continent  but 
larger  than  point  locations  should  be  produced. 

Much  of  the  research  on  tropical  plants  and  animals  has  been 
associated  with  economic  enterprises.  Plantation  crops  and  the  vectors  of 
diseases  have  received  a  large  share  of  the  researchers'  and  scientists' 
attention.  While  many  zoologists  and  botanists  have  the  technical  background 
to  conduct  research  in  the  tropics,  funds  and  facilities  are  limited  or 
not  available  in  many  instances.  Also,  there  are  the  difficulties  met  by  the 
ia  botanists  and  zoologists  who  must  deal  with  extremely  large  numbers  of  spe¬ 

cies  in  the  tropics.  Darlington  has  emphasized  the  need  for  exposure  to  the 
tropical  world  and  its  importance  by  stating  :  "Any  young  naturalist  who 
thinks  he  can  understand  the  world  and  living  things  and  evolution  without 
experiencing  the  tropics  is,  1  think,  deceiving  himself  —  to  his  great 
injury. "31  The  Organization  for  Tropical  Studies  (1963)  was  established  by 
a  group  of  American  universities  to  introduce  an  increasing  number  of  young 
and  active  American  scientists  to  the  biological  problems  of  the  tropics. 

More  programs  are  needed  within  the  scientific  community  of  nontropical 
and  humid  tropical  nations  alike  to  encourage  biologists  to  work  in  the  trop¬ 
ics.  | 
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C.  REVIEW  OF  CURRENT  RESEARCH  ACTIVITY  AND  TECHNIQUES 


This  review  of  current  research  on  plants  and  animals  of  the 
humid-tropical  environment  i3  based  on  the  program's  extensive  literature 
search  and  contributions  of  project  consultants  C.F.  Bennett  Jr.,  R.N. 
Colwell,  P.  Dansereau,  B.  Maguire,  and  P.  W.  Richards. 

1.  Survey  of  Current  U.S.  -Sponsored  Research 

Institutions  concerned  with  plant  and  animal  research  in  the 
humid  tropics  include:  the  Chicago  Natural  History  Museum  where  the  work 
of  the  Botany  department  is  concerned  almost  exclusively  with  the  flora  of 
the  American  tropics  (Costa  Rica,  El  Salvador,  Guatemala,  Honduras, 
Nicaragua,  and  Peru);  the  Milwaukee  Public  Museum,  the  work  of  which 
involves  ethnological  studies  in  the  rain  forests  of  Guatemala;  the  University 
of  Florida  where  the  tropical  development  program  includes  plant  ecology 
and  forestry  studies  in  Guatemala;  and  the  Organization  for  Tropical  Studies 
maintained  in  Costa  Rica  by  the  universities  of  Miami,  Michigan,  Southern 
California,  and  Washington.  The  University  of  Wisconsin's  African  Studies 
Program  includes  the  biological  sciences. 

From  a  survey  of  200  institutions  (to  which  70  replied)  report¬ 
ing  on  exploratory  work  completed  or  planned  during  the  period  1958-1969, 
it  appears  that  U.  S. -sponsored  plant  research  represents  approximately  50 
percent  of  total  field  work  in  the  American  tropics. ^ 

Tables  2  through  6  present  current  research  activity  being 
sponsored  by  U.S.  Government  agencies.  Insofar  as  possible,  the  informa¬ 
tion  has  been  organized  to  reflect  selectively  the  humid  tropics  areas  from 
which  field  data  were  or  will  be  derived  and  the  subject  of  the  investigation. 
The  lists  do  not  pretend  to  encompass  every  research  project  but  are  repre¬ 
sentative  of  the  emphasis  being  placed  upon  humid  tropics  environmental 
research  by  this  country  today. 

2.  Survey  of  Other  Current  Research 

The  UNESCO  Advisory  Committee  for  Humid  Tropics  Research 
organized  and  held  a  symposium  at  Dacca  in  1964  concerning  Scientific  Prob¬ 
lems  of  the  Humid  Tropical  Zone  Deltas  ard  Their  Imputations.  Sections  III 
and  IV  of  the  proceedings  are  concerned  with  vegetation  and  biology. 

Southern  Asia  was  the  main  focus  of  the  meeting  (e.  g. ,  the 
reports  by  M.  Ahmad  on  the  vegetation  of  East  Pakistan;  B.A.  Abeywickrama 
on  estuarine  vegetation  of  Ceylon;  M.  Schmid  on  the  vegetation  of  Southern 
Indochina;  animal  pests  and  parasites  of  East  Pakistan  by  H.  K.  Yosufzai; 
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CURRENT  HUMID  TROPICS  ENVIRONMENTAL  RESEARCH  IN  THE  AMERICAS 

(U.  S.  -  Sponsored) 


Subject  of  Investigation 

PLANTS 

Sponsor 

Principal  Investigator 
axd  Address 

Arvo  of  Investigation 

Afrooomic  evaluation  ami  disease 
reaction  studies  of  new  sug^rcanes 

USDA 

2.  E.  Stoke* 

Bcltwvillc,  Md. 

Rfo  Piedras,  Puerto 

Rice 

Development  of  new  varieties  and 
improved  cultural  practices  for 
control  of  Fusarium  root  rot  in 

Vanilla 

USDA 

La  F.;  Gregory 

Mayagoez 

Puerto  Rico 

Evaluation  of  herbicides  on  tropical 
plants 

USDA 

H.  J.  Cruzado 

Rrd.  Expt.  Sta. 

Mi  yaguez 

Puerto  Rico 

Basic  cytogenetic  investigations  of 
•ropical  grass  species 

USDA 

K.  F.;  Sc  he  rt  z 

F~ ■*  Lxpa.  SUt. 

Xiayaguez 

Puerto  Rico 

Silviculture  of  native  forests  and 
plantations  in  Puerto  Rico  and  the 

Virgin  Islands 

USDA 

C.  I*,  Briscoe 

Rio  Piedras 

Puerto  Rico  and 

Virgin  Islands 

Identification,  classification  and  distribution 
of  forest  trees 

USDA 

E.  L.  Little 

Washington,  D.  C. 

Puerto  Rico 

Physiology  and  dissemination  of  the  fungus, 
Darluca  iilum,  a  parasite  of  rust  disease 
fungi 

USDA 

L.  Calpou^os 

Fed  Expt.  Sta. 

Miyaguez 

Puerto  Rico 

Role  of  plants  and  soil  in  shifting  cultivation 

U.  S.  Dept,  of  Health. 
Education  and  Welfare 

H.  Popenoe 

Univ.  of  Florida 

Gainesville,  Fla. 

Guatemala 

Systems  ox  adaptation  in  a  heterogeneous 
environment 

V.  S.  Dept,  of  Health. 
Education  and  Welfare 

R.  Levins 

Univ.  of  Puerto  Rico 

Rfo  Piedras 

Puerto  Rico 

Functional  analysis  of  plant  communities 

NSF 

P  Dansercau 

N.  Y.  Botanical  Garden 
Bronx,  N.  Y.  ,  10458 

Puerto  Rico  and 

Tropical  Africa 

Nuclear  radiation  effects  upon  a  tropical 
rainforest  environment 

USAEC 

H.  Odom 

Univ.  of  Puerto  Rico 

Rio  Piedras 

El  Verde  Field  Sta. 

Puerto  Rico 

Radiosensitivity  of  tropical  plants  of 
economic  importance 

USAEC 

C.  C.:  M-di 

Inter-American  Institute 
of  Agricultural  Sciences  of 
the  OAS 

Tropical  Center  of  Research 
and  Graduate  Training 

Costa  Rica 

Central  America 

Manual  of  leafy  Hepaticae  of  Latin 

America 

NSF 

M.  Fulford 

Univ  of  Cmcmnati 

Cincinnati.  Ohio 

Latin  America 

American  Lauraceae: 

taxonomy  and  geographical  distribution 
(Orinoco  and  Amazon  Basins  and  Coastal 

NSF 

Caroline  K.  Allen 

N.  V.  Botanical  Garden 

Bronx  Hsrk,  New  York.  N.  Y. 

South  America 

Guiana) 


Table  2  (Contd) 

Subject  o(  lnvcstitatKm 

Sponsor 

Principal  Investigator 
and  Address 

Area  ol  Investigation 

Tuonomit  study  cl  the  {luMiero|tm9  of 
Colombia 

NSF 

J.  Cuat recasts 

Smithsonian  Institution 

Washington.  D  C. 

South  America 

Study  of  the  Alpmt  llura  ot  Mexico  and 
Guatemala 

NSF 

J.  H.  Beaman 

Mu  htgan  State  Unav  . 

Fast  Lansing.  Mich 

Mexico  and 

Guatemala 

Comprehensive  orchid  flora  of  Colombia 
and  Ecuador 

NSF 

L.  A.  Garay 

Botanical  Museum 

Harvard  Univ. 

Cambridge.  Mass. 

Colombia  :  l 

Ecuador 

Revision  of  Junsprrus  lor  the  stem 

Hemisphere 

NSF 

M.  T.  Hall 

Univ.  ol  Oklahoma 

Research  Institute 

Norman.  Okla. 

Mexico  and 

Guatemala 

Botanical  field  work  in  Centra*  America 

NSF 

L.  O.  Williams 

Chicago  Natural  History  Museum 
Chicago  5.  111. 

Central  America 
(Honduras.  El 
Salvador.  Nicaragua, 
Costa  Rica) 

Savanna* Bush  environments 
(The  savanna  ecosystem) 

ONR 

T.  L.  Hills 

McGill  Univ. 

Montreal.  Que.  ,  Can. 

British  Guiana 

American  Mynacase .  Flora  Mezi^o 

NSF 

R.-  Me  Vaugh 

Univ.'  %>t  Michigan 

Ann  Arbor.  Mich. 

Mexico  and  T rojm al 
America 

Br— SliMnilKtK.  XyrMatvac. 
V.Uoxr»ce*c.  Flor»  .topic el  America 

SI 

L  B.  Smith 

Smilnionwn  Institution 
Washington.  D.  C. 

Tropical  America 

MeUetotnaceae,  Flora  South  America 

SI 

J.  J.  Wardack 
.Smithsonian  Institution 
Washington.  D.  C. 

Tropical  America 

Grasses 

SI 

T  Sac  best  rom 

SmithnRian  Institution 

Washington.  D.,  C. 

Tropical  America 

Flora  Bolivia 

K.  C.  Foster 

G>*a>  Herbarium 

Harvard  Unr. . 

Cambr.dge.  Mass. 

Boltv  ta 

Flora  Lesser  Antilles 

NSF 

R.  A*.  Howard 

Harvard  Herbaria 

Harvard  Univ 

Cambridge.  Mass. 

Indies 

Arareat 

NSF 

B.  Hartman 

Cornell  Univ. 

Ithaca.  N.  Y. 

Tropical  America 

Flora  Braxal 

NSF 

H.  S.  Irvin 

X.  Y.  Botanical  Garden 

New  York  City,  N.  Y. 

Tropical  America 

Cbrvtgbalar^ccae 

Flora  Amaconian  Banc 

NSF 

G.  T.  Prance 

N.  Y.  Botanical  Garden 

New  YorkCi'V.  N.  Y. 

Tropical  America 

fimmiBi.-  Monocot. 

Meet  ropier 

NSF 

T.  Koyama 

N.  Y.  Botanies!  Garden 

New  York  City.  N.  Y. 

American  Tropics 
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Table  2  (Contd) 


Subject  of  Invest  nation 

Sponsor 

Principal  Investigator 
and  Address 

Euphorbia  rear 

NSF 

E.  JabJonski 

N.  Y.  Botanical  Carden 
New  York  City.  N.  Y-- 

GwlbiM,  Xyridicutt 
XlllIuctM,  Tfc.ac.na 

NSF 

B  Maguire 

N.  Y-  Botanical  Carden 
Now  York  City.  N.  Y. 

Hevea 

USD  A 

R.  E.  Schultes 

Harvard  Univ.: 
Cambridge.  M«ss. 

Flowering  plants 

-> 

f.  K.  Langman 

Untv.  of  Pennsylvania 
Philadelphia.  P». 

Are*  of  InvettigtHon 
American  Trop.i  » 

Amcrtcan  Tropic# 

Sooth  America 

Mexico 


Table  3 


CURRENT  HUMID  TROPICS  ENVIRONMENTAL  RESEARCH  IN  THE  AMERICAS 

(U.  S. -Sponsored) 

ANIMALS 


Subject  of  Investigation 

Sponsor 

Prim  ipal  !nu*Mig.iU»f 
and  Address 

Area  c»t  Investigation 

Bitin*  ««**  (C*r«iopo*o«dd*e,  HeUda*) 

U.  S.  Army 

Tropical  Research 

Medical  i.ab 

APO  SSI 

New  York.  N.  Y. 

F.;  S.  Blanton 

Univ.  of  Florida 

Gainesville.  Fla. 

Costa  R'«  a  and 

El  Salvador 

Periodic  field  collections  i  f  the 
intermediate  the 

schistosomiasis  mansooi  n  varied 
habitats 

U.  S.  Army 

Tropical  Research 

Medical  Lab. 

APO  8SI 

New  York.  N.  Y. 

L.  S.  Ritchie 

Puerto  Rico  Field  Sta. 

U.  S.  Public  Health  Sere 

San  Juan.  P.  R. 

Puerto  Rico 

Histoplasmosis  in  the  American  Tropics 

Middle  America  Research  k 
U.  S.  Ami\  Medual 
Research  Unit 

(Panama)  Balboa.  Canal  Zone 

R.  L.  Taylor 

Panama 

Zoogeography  in  Panama 

OXR 

C.  F.  Bennett 

Um\  .;  of  California 

Los  Angeles,  Calif. 

Panama 

Sterilisation  of  Mediterranean  fruit  i!y 

USA  EC 

C.  C.  Moh 

Inter-American  Institute  of 
Agr*cultural  Sciences  of 
the  OA5 

Tropical  Center  of  Research 
and  Graduate  Training 
Costa  Rica 

Central  America 

Systematic s  and  evolution  of  South 
American  tree  frogs  fHviidae  and 
Crntr-'ictudael 

NSF 

C.  J.  Goin 

Umv.  of  Florida 

Gainesville.  Fla. 

South  America 

A  comparative  study  of  water  balance  in 
the  Puerto  Rican  frogs  of  the  genus 
Eleutherodactylus 

NSF 

H.  Heatwole 

Unrv.  of  Puerto  Rico 

Rfo  Piedras 

Puerto  Rico 

Cara  bid  beetles  of  the  Australian  region 
and  southern  South  America 

NSF 

P.  J.  Oarhngton  Jr 

Harvard  Unix . 

Cambridge.  Mas*. 

South  America 

Review  of  South  American  rmder?  of  the 
family  Agelcnidae 

NSF 

V.  D.  Roth 

California  Acad,  of  Scj. 

San  Francisco.  Calif. 

South  America 

Systematic*  and  distribution*  o!  Middle 
American  Nvlid  frogs 

NSF 

W.  C.  Dim  1 'man 

Umv.  isf  Kansas 

Laurence.  Ka.isas 

Mexico  and 

Central  America 

Taxonomy  and  distribution 

of  bark  and  ambrosia  beetles 
CScolvtidae  and  Platy-podidae; 
Coleoptera)  in  Central  America 
and  Mexico 

NSF 

S.  L.  Wood 

Brignam  Young  Unix-. 

Proxo.  Utah 

Central  America 

Pseudoscorpions  of  Florida  and 
the  West  Indies 

NSF 

C.  Clayton  Hoff 

Unix  of  New*  Mexic  o 
Albuquerque,  N.  M 

West  Indies  Islands 
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Subjrcl  of  Inv<f»Uf*tion 

Sponsor 

i'riiu  tpdi  imi'sligtatfr 
and  Address 

\r*  -  t>*  lti\r>f 

Frog*  of  Wotrrn  Brazil  and 

Colombia 

NSF 

D.  M.  Cochran 

U  S  National  Museum 
Washington,  O.  C. 

Brazil!  and  Colombia 

The  Drozophilidae  (fruit  flies)  of 

Colombia 

NSF 

A.  S.  Hunter 

Uniter  si dad  de  lo*  Anges 
Bogota,  Colombia 

Colombia 

Comparative  rate*  of  evolution  of 

Molluscan  faunas;  completion  of 
study  of  Benthic  fauna  of  the 
continental  slope 

NSF 

R.  il.  Parker 

Umv.  of  California 

San  >»ego.  La  Jolla.  Calif. 

Tropical  Collections  at 

Umv.  of 

Copenhagen.  Denmark 
Zoologtske  Museum 

Systematica  of  the  fresh' water 
moHusks  of  Puerto  Rico 

NSF 

H.  W.  Harry 

Ricr  Univ 

Honston.  Tex. 

Puerto  Rico 

Oonopidae  (Arancae)  of  the  West  Indies 
and  Central  America 

NSF 

A  M.  Chickcring 

Harvard  Umv. 

Cambridge.  Mass. 

West  Indies  and 

Central  America 

Taxonomy  and  distribution  of 
turtles  in  Central  America 

NSF 

J.  M.  Legler 

Univ.  of  Utah 

Salt  Lake  City,  Utan 

Central  America 

Checklist  of  recent  mammals  of 

South  America 

NSF 

P.  Hershkovit* 

Chicago  Natural 

History  Museum 

Chicago.  HI. 

South  America 

Neotropical  maramalogical  and  ento¬ 
mological  investigations  in  relation 
to  arthropod-borne  diseases 

Dept,  of  the  Arrm 

USA  MR  DC 

R  C.  Van  Celoer 

Amcr  Museum  of  Natural 
History 

New  York.  N.  Y. 

Uruguay.  East*  .  s. 

Bolivia,  Northern 
Argentina 

Study  of  the  mammalian  ectoparasites 
and  their  hosts  in  Costi  Rica 

Eept  of  the  Army 

USA  MR  DC 

F.  S.  Truxal 

Los  Angeles  County 

Museum 

Los  Angeles.  Calif. 

Costa  Rica 

Biting  insects  of  Northern  South 

America  and  Panama 

Dept,  of  the  Army 

USA  MR  DC 

R-:  L.  Wenzel 

Chicago  Natural  History 
Museum 

Chicago.  Ill. 

South  America 
and  Panama 

White-winged  dove  —  its  natural  history 
and  management 

Dept  of  the  Interior 
Wildlife  Research 

C.  B.  Saunders 

Patuxent  Wildlife 

Reserach  Center 
Gainesville  Field  Sta. 
Gainesville.  Fla. 

Mexico,  Guat'  tuli 
and  El  Salvador 

1 

i 

Golden  Nematode  (Heterodera  rosto- 
chiettsis  WeHenvrber) 

USDA 

J>  E.  Willc 

E*  lac  ion  Experimental 
Agr.cola 

La  Molina,  Lima.  Peru 

Peru.  Ecuador. 

Colombia.  Bolivia 

Environmental  factors  influencing 
parasites  and  parasitic  diseases  of 
ruminants  in  Peru 

usda 

C.  E.  Chavez 

Umv.  of  San  Marcos 

Lima 

Peru 

Catalog  of  insects  living  on  plants  in 

Brazil  and  of  the  parazites  and 
predatorz  of  the  insects 

usda 

A.  G.  d*  Arango  e  Silva 
Mmisteno  da  Agncultura 

Rio  de  Janeiro 

Brazil 
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Table  3  (Contd) 


?ss 


Subject  o? 

iporjc-r 

P-»n»  »$>a*  l**'  *tr!?ett<l- 
ao»i  Address 

Area  of  in  cm  i*a!«on 

Structural  aud  physiological  thdr^trr* 
i*tics  airocuKd  with 
of  cattle  in  tropical  at  d  «ubtroptC4< 
area* 

t'.SUA 

4 

J.  S.  Vciga 

Unix  of  Sao  Panic 

Sac  Paulo 

Brasil 

BtOiUgy.  eidogy  and  (ri«lhodf  of  control 
of  borer#  attacking  aagartane 

L'SDA 

R.  G.  Dahms 

Bcltivilk,  Md. 

Ma  vaguer 

Pur  flu  H  ico 

Ecology  cf  Arthropod -borne  ¥irts*e« 
in  Paftsm.1 

t:.  S.  Dept.,  of  Hr.‘-h. 
E^uc«tKifl  anf  Welfxrt- 

P.  Galindo 

G*»r<4»  Memorial  Lab. 

BhiIah:  Hi'Uii'b,  Cjti  il  7  one 

Panama 

Taxvnomic  *tudy  of  *Jv  Cuar.o  b-i!v, 
genus  Titfanda 

U.  S.  Dept.  «•«  Health. 
Kd*Aiti;ra  and  WrlfArr 

W.  B.  David 

Teiia;  A  i  M  Umv 

College  St  a  nor..  Tea. 

Southern  Mexico. 
Guatemala. 

South  America 

A'thrpjK«d-bornr  viruses  isolated 
in  Panama 

£••:  S.  D»r<.  of  Hi*lth. 
Edoration  *f«l  Wrifarr 

E  de  Rodar.  rhe 

Utuv  «»f  Pa ium« 

Panama 

Centra)  America 

Epidemiological  ntudtec  of  kti«*tur 
in  F.I  Sal\.«d*»r 

U.  5.  Dept  t  :tS,. 

Etftuation  4nd  W-,.  rr 

A-  1  rrjtt* 

Shots'  of  Medium* 

S«m  Salvador 

El  Salvador 

Mciqwtwv  of  Middle  America 

V.  S.  Drpt.  of  Health. 
Edutotion  3:;d  Wrllst^ 

L  N-;  Belkin 

Vmy.  of  California 

Lot  Angeles.  Calif- 

Central  America. 

Mexico,  West  Indies 
South  America 

Irradiation  effect*  on  the  biology 

at  fUMdsliu  proltxu* 

U.  S.  Dr  pi.  of  Hi  illh. 
Education  wi  Sfclu-Tf 

j,  C.  Gome*  H. 

Instil uto  VrMPwJABO  d« 
fnrestigari  one* 

Cieettfrcas 

Caracas.  Vtw?arb 

Venezuela 

Chagas1  disease  in  Costa  flu  a 

K.  S.  Dept,  of  Hr.llh 
Education  end  WrlUrr 

J.  C.  Sksrtmlder 

Louisiana  State  Univ. 

3atoe  Houge,  Louisiana 

Costa  Rica 

North  American  migratory 
birds  in  Panama 

U..  S.  Dr  pc.  •  Health. 
Education  ..A  Wrlfr.rc 

H.  Uttm 

Florida  State  Univ. 
Tallahassee.  Fla. 

Panama 

Investigation*  on  the  biology  and 
control  ot  schistosomiasis 

U.  S.  Dept,  of  Health, 
Education  and  Welfare 

H.  F.  School 

Puerto  Rico  Field  3ta. 

San  Juan.  P-  K. 

Puerto  P.*to 

Ecology  of  Sylvan  vellcw  fever 
:n  Panama 

U.  5.  DepS,  of  Health, 
Education  and  Welfare 

G.  M.  Johnson 

Gorga*  Mrmonsi  Inst. 
Washington.  D.  C. 

Panama 

Alp»*wl  of  chtggers  and  other 
acanw*  of  the  American  tropic* 
for  pathogenic  ageets 

U.  S.  Dept,  of  Health. 
Education  and  Welfare 

J.  M.  Brennan 

Middle  America 

Research  Unit 

Balboa  Heights.  Cana*  7-5se 

Canal  /  !»?>•• 

Taxonomic  study  of  thr  Guano  bats, 
genu f  Ti<J*n<U 

State  of  Texas 

ALM  Agricultural 

Ex  at.  Swu 

College  Sufion,  Tex. 

Southern  MtX’>  * 
Guatemala  South 
Amerua 

o 


Table  4 


CURRENT  HUMID  TROPICS  ENVIRONMENTAL  RESEARCH  IN  AFRICA 

(U.  S.  -Sponsored) 

PLANTS 


Subject  Investigation 

Sponsor 

Fni.t  fmt  atlf'.ilur 

•*»>d  Add  r»  »a 

-\r»u  ot  Invest 

De\ elopmeit  .in'  use  A  improved 
-ji  the  rrajor  cereal 
crop*  ot  A i rica  (2  regional 
centers  for  research) 

Dept.,  of  Stair 

AID 

Ga  F.  Spraguv 

t’.  S.  Dept  ol  Agruulture 

Washington,  D.  C. 

Air.*  « 

Biosyitc.iu'uy  of  the  genus  Cyn odor. 

NSF 

J.M.J.  ue  Wet 

Oklahoma  State  Unit. 
Stillwater.  Ok  La. 

Africa 

ANIMALS 

Subject  of  Investigation 

Sponsor 

Principal  Investigator 
and  Address 

Area  of  In*  estigaticr? 

Correlation  of  larvae  and  adults  o! 
terrestrial  Parasitengona 

NSF 

1  M.  Newell 

Umv.  of  California 
Riverside*  Calif. 

Africa 

Behavior  of  Loxodonta  africana 

NSF 

*  O.  Bus* 

Washington  State  Umv. 
Pullman.  Wash. 

Uganda 

Mcviuon  of  bits  of  the  SutUn  and 
surrounding  ims 

NSF 

K.  F.  Koopcnan 

Am.  Museum  of 

Natural  History 

New  York.  N.  Y. 

Africa  (Sudan) 

Visceral  IsUtamlMli  in  tqtrinoul 
animals 

NSF 

L.  A.  Stauber 

R*  .gers-the  State  Umv . 

New  Brunswick.  N.  J. 

Africa  (Kenya  and 
Sudan) 

Origin  aid  evaluation  of  temperature 
control  in  terrestrial  vertebrates 

NSF 

R.  f>.  Cowles 

Umv.  of  California 

Los  Angeles.  Calif. 

South  Africa 

T  remat  odes  of  fishes 

NSF 

H.  W.  Manter 

Umv.  of  Nebraska 

Lincoln.  Nebraska 

South  Africa  and 
Australia 

Temperature  regulation  and 
water  metabolism  of  East 

African  Ungulates 

U.  S.  Dept,  of 

Health.  Education 
and  Welfare 

C.  P.  Lyman 

Harvard  Univ. 

Cambridge.  Mass. 

Africa 

A  beb  •  vioral  study  of  lemur 
in  the  field 

NSF 

Alison  Bishop 

N.  Y.  Zoological  Society 
New  York.  N.  Y 

Africa 

Maintenance  and  development  of 
a  baboon  colony  for  research 
purposes 

U.  S.  Otfit.  of  Health. 
Education  and  Welfare 

H.  Vagtborg 

Southwest  Foundation  for 
Research  and  Education 
San  Antonio.  Tex. 

Oarajam.  Ken\  a 

Research  on  primates  of  Cast  Africa 

U.  S.  Dept,  of  Health, 
Education  and  Welfare 

L.  S.  B.  Leakey 

Tigoni  Primate 

Research  Center 

Li.nuru,  Kenya 

East  Africa 

Table  4  (Contd) 


Subject  of  Invr.ttg  ation 

Sponsor 

Primipal  1m  estimator 
and  Address 

Area  of  !n%  estimation 

Field  studies  of  African  primates 

U  S.  Dept  u!  Health r 
Education  and  Welfare 

N.  C.  Tapprn 

Tulane  Cni\ 

New  Orleans.-  La. 

Nigeria 

Field  and  Laboratory  studies  of  inter¬ 
mediate  host  snails  of  bUhsrxitiU 
(schistosomiasis)  in  Liberia 

l).  S.  Dept,  of  Health, 
Education  and  Welfare 

D.  M.  Levine  » 

Ainer.,  Foundation  for 

Tropical  Medicine,  inc. 
New  York,  New  York 

Liberia 

Kdi-isar  investigations 

U.  S.  Dept,  ol  Health, 
Education  and  Welfare 

B.  McMillan 

Uni\  of  Sydney 

Sydney 

Southern  Sudan 

Sterility  method  for  tsetse  fly  control 
or  eradication 

Dept,  of  State 

AID 

E.  F.  Kwphnp 

USDA 

Washington,  D.  C. 

Rhodesia. 

Epidemic  .*gy  of  kaia-axar 

ONR 

L.  W.  Cuatc 

Bernice  P.  Bishop  Museum 
Honolulu.  Hawaii 

Sudan 

Transmission  studies  of 

Ptilsbstomus  (uadOv)  species 

U.  S.  Dept,  of  the  Navy 

4.  H.  Bover:. 

U.  S.  Naval  Medical 

Research  Unit  4  1 

Navy  No.  *40 
c  to  Flee!  P.O. 

New  York.  N  Y. 

Sudan 

Bionomics  of  PhleboComu*  fli« 

(utrlfly)  in  i  Sudanese  foeax 
of  ktU-uar 

U.  S.  Dept,  of  the  Navy 

J.  H.;  Boyers 

U.  S.  Naval  Me  \  cal 

Research  Un!  tl 

Navy  No.  540 

c/o  Fleet  P.  «  >. 

New  York.  N.  Y. 

Sudan 

Tick*  (Ixodioidea)  at  Centra 1  Atrica. 
their  diitribouoa  and  biology 

Dept,  of  the  Army 

USA  MR  DC 

G.  Anas  to  a 

Umv.  of  Maryland 

College  Park.  Md. 

Congo  (B.) 

Table  5 


CURRENT  HUMID  TROPICS  ENVIRONMENTAL  RESEARCH  IN 

SOUTH  ASIA  AND  OCEANIA 

(U.  S.  *  Sponsored) 

PLANTS 

Principal 

Subject  of  Investigation  Sponsor  and  Address  Ary.,  uf  ln\  csthgat.pn 


Ecological  diversity  o(  temperate  and 
tropical  communities 

NSF 

J.  H.  Connell 

U«m  of  California 

Santa  Barbara,  Cali!. 

North  Queensland 

Flora  o£  Formosa  (Taiwan) 

NSF 

Hut -Lin  Li 

Univ.  of  Penn»yl>aiua 
Philadelphia,  Pa. 

Formosa 

Taxonomical.  anatomical 
plant  sociological  and 
ecological  studies  of 
the  flora  of  Indonesia 

NSF 

A.  J.;  K<»*terman 
Herbarium  Bogortense 
Bogor,  Indonesia 

Pentjang  Island 
(SW  Java) 

Monographic  studies  of  the 

Diecomycetes 

(local  flori»t»c  studies) 

NSF 

Richard  P.  Korf 

Cornell  Uni\., 

Ithaca.  N.  Y. 

Imiia,  Indonesia 
Pakistan. 
Philippines 
Taiwan 

Biosystcmatic  s  of  the  §er.as 

Cynodon 

NSF 

J.  M.  J.  dc  Wet 

Oklahoma  State  Univ. 
Stillwater,  Ola. 

Iwlia,  Philippines, 
Australia 

Use  of  auxins  in  vegetative 
reproduction  of  forest  plants 

usda 

K.  K.  Nanda 

Forest  Research  Inst. 

and  Colleges 

Debra  Dun 

India 

Survey  of  natural  enemies 
of  witchweed  and  of  water 
hyacinth  and  other  weeds 
affecting  waterways  in  India 

USDA 

V.  P.  Rao 

Bangalore  Sta 

Bangalore 

India 

Response  of  various  maize 
gertnplasm  sources  to 
different  agronomic 
practice 

USDA 

C.  W.  Baird 

Indian  Agricultural 
Research  Inst. 

New  Delhi 

India 

Vegetation  mapping 

A.  W.  Kuihler 

Univ.  of  Kansas 

Lawrence,  Kan. 

Hawaii 
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n  o 


Subject  of  ift^citti^alion 


Sponsor 


Pun*  i pal  '*n t* 

and  Add res*. 


Area  ol  ln\ eat* Return 


Genera’  medical  research  (inter¬ 
national  Center  lor  -esearch  and 
training: 

cholera,  liver  disease,  small 
mammals  and  birds,  filartasis 
and  hookworm  virology) 

U.  S.  Dept,  of  Health. 
Education  and  Welfare 

F *  5.  Bang 

Johns  Hopkins  Umv. 
Baltimore.  Md. 

Calcutta.  India 

Immunological  study  of  South  Asian 
sn.  ke  venoms 

U.  S.  Dept,  of  Health. 
Education  and  Welfare 

S.,  A.  Minton  Jr. 

Indiana  Umv.  Foundation 
Bloomington.  Ind. 

South  Asia 

Parasites  of  Philippine  food  fishes 

U.  S.  Dept,  of  Health. 
Education  and  Welfare 

C.  C.  Velasques 

Umv.  of  Philippines 
Diliman.  Quezon  City 

Philippines 

Siphonaptera  of  Taiwan 

U.  S.  Dept.;  of  Health, 
Education  and  Welfare 

E.  W.  Jameson  Jr. 

Umv.  of  California 

Davis.  Calif. 

Taiwan 

Vertical  distribution  of  mammals 
in  Malayan  forest 

U.  S.  Dept,  of  Health. 
Education  and  Welfare 

R.  L.  Rudd 

Umv.  of  California 

Davis.  Calif. 

Malaya 

Systematic  studies  of  the  malaria 
parasite*  of  monkey*  and  apes  of 
Malaya  and  nearby  territories 

U.  5.  Dept,  of  Health. 

D.  E.  Eyies  and 

Me  Wilson  Warren 

Malaya  and  Other  1 

Asian  Areas  ! 

Adaptability  of  cattle  and  buffalo 
for  dairy  production 

U.  S.  Dept,  of  Health. 
Education  -lnd  Welfare 

P.  Bhattacharya 

Indian  Veterinary 

Res.  Inst. 

Izatnager 

India  j 

i 

Parasites,  predators  and  pathr.-r  ■_ 
of  sugarcane  borers 

U.  S.  Dept,  of  Health. 
Education  and  Welfare 

V.  P.  Rao 

Commonwealth  Inst,  of 
Biological  Contro* 
Bangalore 

India  | 

1 

Parasites,  predators  and  pathogens  of  the 
European  corn  borer  (Pyrausta  nubilalis) 

and  Helioth  ■»  spp.  U.  S.  Dept.,  of  Health* 

Education  and  Welfare 


V.  P.  Rao 

Commonwealth  Inst-  of 
Biological  Control 
Bangalore 


India 


i 


Biology,  ecology  and  natural  control  of 
of  insect  pests  attacking  trees  of 
genus  Pmus  introduced  from  USA 

usda 

Y  ic.  Shi-Tao 

National  Taiwan  t’nh . 
Taipei 

Taiwan 

Transequatonal  migration  (bird 
migration) 

ONR 

A.  Marshal) 

Monash  Univ. 

Clayton.  Victoria 

Southern  Australia 

Changes  in  lUocos  (physical  and  hiotic 
environmental  characteristics) 

ONR 

W.  L.  Thomas 

Umv.  of  California 
Riverside,  Calif. 

Dlocos  Norte. 

Nurtbwest  Luzon 

i 


I—-  f> 
_ _ 4 


Uml  trombicuiid  mites  (chiggers) 
from  Malay*  and  Borneo 

Dept,  of  the  Army 
USAMRDC 

G.  W..  Wharton 

Umv.  of  Mary lan »1 

College  Parti.  M»i., 

Malaya  and  Borneo 

Studies  of  life  cycle,  pathology  and 
clinical  aspects  of  the  hepatic 
t  remit  rode  Opisthorchis  viverrini 

Dept,  of  the  Army 
USAMRDC 

Suvajra  Vajrasthira 
Bangkok  School  of 
Tropical  Medicine 

Umv.  of  Med.  So. 
Bangkok 

Thailand 
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Table  6  (Contd. ) 


Subject  of  Investigation 

Sponsor 

Pr>iu  i j*.i  1  !n\  4 

and  Add r<  s» 

A  »*1  Im  i 

Schistosomiasis  in  Thailand,  study  of 
etiology.  epidemiology  and  the 
life  cycle 

Dept,  of  the  Army 
USAMA  DC 

Mongkol  Krautrachue 
Bangkok  School  of 

Tropical  Medicine 

Um\.  of  Med.  St:. 

Bangkok 

Thailand 

Radio  tracking  techniques  for  use  on 
rats  (tracking  units  to  study  trans- 
of  leptospirosis  and  scrub  typhus 
by  mammals) 

Dept,  of  the  Army 
USAMRDC 

C.  C.  Sanderson 

Malaxa 

Classification  and  distribution  of 
snails  in  Thailand 

Dept,  of  the  Army 
USAMRDC 

Tongchai  Papasarathorn 
School  of  Public  Health 
Bangkok 

Thailand 
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and  papers  on  fisV  fauna,  fish  and  fisheries,  and  shipworms  of  the  Sunder- 
bans  by  M.  R.  Qureshi,  N.  Ahmad  and  M.  L.  Roonwal),  but  other  tropical 
areas  were  discussed.  Some  of  the  areas  of  interest  as  indicated  by  pre- 
sentations  of  international  experts  of  tropical  plant  and  animal  life  include: 
J.M.  Pires,  Amazonian  estuaries;  F.R.  Fosberg,  vegetation  as  a  geological 
agent  in  tropical  deltas;  V.J.  Chapman,  mangrove  establishment;  and  H. 
Caspers,  the  biology  of  estuaries. 

Fos berg’s  concluding  remarks  to  the  Dacca  symposium 
stressed  operation  of  the  humid  tropics  program  within  the  broad  field  of  an 
interdisciplinary  approach  to  understanding  the  humid-tropical  ecosystem. 

a.  Central  and  South  America 

Organizations  sponsoring  or  engaged  in  plant  and  animal 
research  in  Mexico  include  the  National  Autonomous  University  of  Mexico, 
the  National  Herbarium  and  the  Escuela  Nacional  de  Agricultura  de  Chapingo. 
At  the  National  Institute  of  Forestry  Research,  emphasis  is  placed  on  ecol¬ 
ogy,  silviculture  and  the  specific  study  of  Swietenia  macrophylla,  Cedrela 
mexicana,  and  Achras  zapota. 

Extensive  work  on  the  rain -forest  area  is  conducted  at  the 
Smithsonian  Institution's  Canal  Zone  Biological  Area,  Barro  Colorado  Island, 
Agricultural  research  is  performed  at  the  Escuela  Agricc-a  Panamericana, 
Honduras,  and  at  the  Inter -American  Institute  of  Agricultural  Sciences  of 
the  OAS,  Turrialba,  Costa  Rica.  The  T ropical  Science  Center,  San  Jose, 
Costa  Rica,  is  a  nongovernmental  organization  conducting  research  on  plant 
life.  Research  on  natural  history  and  natural  resources  is  conducted  at  the 
Tropical  Institute  of  Scientific  Research,  San  Salvador. 

Facilities  at  the  University  College  of  the  West  Indies  include 
herbaria,  libraries  and  a  professional  staff  involved  in  studies  of  tropical 
ecology,  plant  physiology,  mycology,  and  plant  pathology.  At  the  Common¬ 
wealth  Institute  of  Biological  Control,  Curepe,  emphasis  has  been  on  Apoidea 
field  studies.  The  Bellairs  Research  Institute  of  McGill  University,  Bar¬ 
bados,  has  a  continuing  research  program  in  tropical  biology  and  marine 
science.  All  aspects  of  forestry  are  studied  by  the  Forest  Department  of 
Kingston,  Jamaica.  The  Institute  of  Jamaica,  Science  Museum,  is  engaged 
in  taxonomic  and  ecological  studies  of  Jamaican  plants  and  animals. 

West  Indian  crops  and  weeds  are  subjects  of  research  at  the 
Imperial  College  of  the  West  Indies.  Neotropical  biology,  biological  control 
of  pests,  and  field  studies  on  Apoidea  are  also  emphasized.  Directing  the 
work  of  graduate  students  engaged  in  biological  and  ecological  studies  of 
several  weed  species  is  J.  W.  Purseglove,  president  of  the  Association  for 


Tropical  Biology  (ATB)  which  headquarters  at  the  University  of  the  West 
Indies.  This  association,  international  in  scope,  emphasizes  neotropical 
biology.  The  ATB,  in  collaboration  with  the  National  Research  Council  of 
Brazil,  held  an  International  Symposium  on  the  Biota  of  the  Amazon  Basin 
in  June  196t>  at  Belem,  Para'. 

ATB's  official  publication  is  also  the  official  organ  for  the 
Organization  for  Flora  Neotropica,  a  group  formed  to  prepare  and  publish 
floras  in  monograph  form  for  all  plants  of  the  western  hemisphere  tropics. 
UNESCO  sponsored  the  organization  of  Flora  Neotropica,  which  is  based  at 
The  New  York  Botanical  Garden  and  is  administered  by  Bassett  Maguire.  It 
is  envisioned  that  the  "coordinated  efforts  of  the  world's  leading  institutions 
and  the  work  of  generations  of  their  staffs"  will  be  required  to  complete  the 
flora  (an  estimated  200,  000  species).^ 

Emphasis  is  placed  on  sugarcane  breeding  and  cylogenetic 
research  at  substations  of  the  British  West  Indies  Central  Sugar  Cane  Breed¬ 
ing  Station  located  in  the  Dominican  Republic,  Trinidad  and  British  Guiana. 

Research  at  the  School  of  Tropical  Medicine,  San  Juan,  Puerto 
Rico,  includes  plants  having  antibiotic  and  other  medicinal  properties.  The 
University  of  Puerto  Rico,  Mayaguez,  has  continuing  research  programs  in 
marine  biology.  Included  are  systematica  and  ecology  of  marine  algae  of  the 
Caribbean;  coral  reef  ecology;  systematica  of  marine  copepods;  biology  of 
West  Indian  topshell;  and  classification  of  fishes,  opisthobranches  and 
other  mollusks. 

The  Institute  of  Caribbean  Science,  University  ox  Puerto  Rico, 
Mayaguez,  publishes  an  annual  report  on  the  status  of  zoological  research  in 
the  Caribbean  area.  Table  7  lists  current  projects  of  biologists  of  the  area. 35 
Table  8  lists  botanical  research  in  progress  in  and  concerning  Central  and 
South  America. 

Biological  and  other  scientific  research  is  conducted  at  the 
Charles  Darwin  Research  Station,  Galapagos  Islands,  la  British  Guiana, 
botanical  and  zoological  work  has  been  performed  in  recent  years  by  scien¬ 
tists  from  Oxford,  Cambridge  and  other  universities  abroad  (also  see  Table 
2).  The  Royal  Ontario  Museum  and  the  Royal  Botanic  Gardens,  Kew,  are 
engaged  in  similar  work  in  the  Guianas.  The  Department  of  Forestry  and 
Agriculture  and  the  Botanic  Garden  at  Georgetown  have  research  facilities, 
and  a  university  located  there  is  being  organized.  Investigations  on  plant 
physiology,  plant  breeding,  soils,  etc. ,  are  being  performed  by  Booker 
Bros. 
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Table  7 


CURRENT  ZOOLOGICAL  RESEARCH  IN  THE  CARIBBEAN 


Subject 

Origin  and  distribution  of  Cuban  fauna; 
systematic *  and  ecology  of  Antillean 
terrestrial  mollusks 

Biology  of  pelagic  fishes 


Marine  free -living  cope  pods 


Ichthyological  research 

(local  fauna,  hydrobiological  and 
botanical  investigations) 

Biology  of  mullets  (Mugil  lisa) 


Ifiv rslit.ato'-  lnstitut  on 
and  Address 


C.  G.  Agua\o  c4»tro 
Univ.  F.R.; 

Ma  vaguer 

G.  W.  Bank 

Inst,  of  Marine  Biology 

Univ.  P.  R. 

Mayaguez 

T.  K.  S.  Bjomberg 
Instituto  Oceanografico 
5ao  Paulo 

M.  Boe  semen 

Rijksrouseum  van  Natuurlijke 
Historic,  Raamsteeg, 

Leiden.  Netherlands 

A.  F.  Bottema 

Caribbean  Marine  Biological  Inst. 
Curacao 


Taxonomy  and  ecogeography 
of  littoral  and  coral-reef 
invertebrates 

Distributional  pattern  of  benthic 
mac  ro-  invc  rtebrate  s 


Parasites  of  reptiles  of  Puerto  Rico 


Behavioral  reactions  of  fregs 

(Eieutherodactylus)  to  dessication  and 
environmental  gradients  of  moisture 

Physiological  studies  of  Schistosoma 
mansoni  (Platyhelminthes) 


Taxonomic  studies  of  sea  anemones 
fCoclentcratal 

Inshore  ecology 


Biogeography  of  plants  and  animals 


Endocrinology  of  Uca  rapa» 


Genetics  of  Drosophila 


Reptiles  of  Trinidad 


G.  Candelas 
Univ.  P.R. 

Rfo  Piedras 

M.  J.  Cerame-Vivas 
Univ.  P.  R. 

Rfo  Piedras 

F.  Cofresi-Sr'i 
Univ.  P.  R. 

Mayaguez 

O.  Colon  de  Aponte 
Univ.  P.R. 

Rio  Piedras 

R.  Cordova-Mzrquez 
Univ.  P.  R. 

Rfo  Piedras 

D.  D.  Corrfa 
Univ.  Sao  Paulo 

F.  Creutzberg 

Caribbean  Marine  B.clogical  Inst.. 
Curacao.  N.  A. 

L.  Croizat 
Caracas 

A.  M.  L.  van  Drift 

Caribbean  Marine  Biologic ai  Inst. 

Curacao,  N.  A. 

A.  M.  Diax-Collazo 
Univ.  P.  R. 

Rfo  Piedras 

J.  Du st on 
Anma,  Trinidad 


35 

ZONE 

A  re,  » 

Cuba  ami  Puerto  Rivo 

Puerto  Rico. 

Virgin  Islands  and 
Hispaniola 

Brazil 

Brokopondo 

(Surinam)  and 
Barrage  Lake 

Netherlands  Antilles 

Puerto  Rico 

Continental  Shelf 

Puerto  Rico 

Puerto  Rico 

Puerto  Rico 

Curacao  and  Slo  Paulo 
State.  Brazil 

Netherlands  Antilles 

Venezuela 

Netherlands  Antilles 

Puerto  Rico 

West  Indies 


Table  7  (Contd) 


Investigator  Institution 
and  Add  res* _ 


A  rr»i 


Snake#  of  Caribbean  Islands 


Blue  marlin  gonads;  sea  birds 


Taxonomy  of  neotropical 

Ta  banidac  md  Phlcbotomus 


Taxonomy  of  Jamaican  robber- 
fiies  (Dipt era:  Asilidae) 


Avifauna  of  Trinidad  and  Tobago 


Behavioral  studies  of  rhesus  monkeys 


Molluscicides  and  insect  immunology 


Bacterial  studies  of  amphibians  and 
reptiles  (in  collaboration  with 
Organization  for  Tropical  Studies) 

T remat oda  ol  Puerto  Rico 


Jamaican  Coleptera:  Cerambycidae: 
Caribbean  Cerambycidae 

Amphibia  of  Venezuela 


Ecology  of  Pontes  reef  community 
(includes  both  plant  and  animal 
studies) 


Biological  studies  of  Ascidja  mgra. 
ecological  studies  of  Jamaican 
Ascidians 

Fauna  of  Surinam 


Biological  studies  of  frogs, 

Eleutherodactylus;  arboreal  snails 


Fauna  of  Netherlands  Antilles 


Mammals  of  Surinam  (handbook): 
small  rodents  of  Surinam  (identi- 
ficiation  key);  bats  of  Netherlands 
Antilles  (checklist) 


M.  C.  Emilcy 

Umv  College  of  the  West  Indies 
T  rimdad 

D,  S.  Erdman 
Upi,  P.  R. 

C.  B.  Fairchild 
Corgas  Memorial  Lab. 

Balboa  Heights.  Canal  Zone 

T.  H.  Farr 
Inst,  of  Jamaica 
Kingston,  Jamaica.  W.  I. 

R.  ?.  French 
Pointe  A.  Pierre 
T  rimdad 

C.  F.  Fisler 
Umv  P.  R. 

Rfo  Pied r as 

1-  Fox 
U«m.  P,  R. 

Sor.  Junn 

M.  Fulton 
LSU-tCMRT 
San  Jose 

J.  Garcia- Diaz 
Umv.  P.  R. 

Rfo  Piedras 

E. ;  F.  Gilmour 
Doncaster,  Eng 

R.  Gim-s 
Caracas 

P.  W.  Glynn 

Inst  of  Marine  Biology 

Uim .  I.  R. 

Mayaguez 

I.  Good  body 
Umv.  W.:  I. 

Jamaica 

D.  C.  Geijske' 

Paramaribo.  Surinam 


Caribbean  Islands 

Puerto  Rico 

Panama 

Jamaica 

Trinidad  and 

Tobago.  W.  I. 

Puerto  Rico 

Put-  Mo  Km 

Costa  Rica 

Puertc  Rico 

Caribbean 

Venezuela 

Puerto  Rico 

Jamaica 

Surinam 


H.  F.'  Head  wo  It*  Puerto  Rico 

Umv.  of  P  R. 

Rio  Piedras 

P.  W.'  Htsnmelinck  Netherlands  Antilles 

Zoologisch  L.boratonuR) 

Utrecht,  Netherlands 

A.  M.  Huston  Surinam  and 

Rijksmufcrum  van  Natuulijke  Histone  Netherlands  Ant  dies 

Letden.  Netherlands 


Vertebrates  of  Nicaragua 


J.  Ingrr 
Managua 


Nicaragua 


Table  7  (Contd) 


Subject 

Behavioral  fttudirs  f  rhc-u»  monkey*, 
ecology  of  bat* 


Ecology  of  tropical  tea  urchin 
Diartem*  antUla.-um 


Fi*b  ecology 


Taxonomic  and  zoogeographic 

•todies:  SlpbomX.ri,  SCreblidae. 
NycteriMidae,  i3nlcM*«  and 
Polyctexidae  (Avarl.  lUaelaptidael 


Invcstigijlur  Institution 
and  Addroh 


C.  B.  Kofurd 

National  !r«*t  of  Health 

Pin  yd  dr  Humdi  ao,  P  ft. 

J.  B-  Lrwifr 
Bi-lUiri  Rrscarth  Inst. 
Barbados,  W.  I. 

R.  H..  McConnell 
British  Mus-  urn 
London*  Eng. 

C.  E.  Machado- Allison 
Univ.  Central  dc  Vrwiuela 
Caracas 


Area 

Humaco. 

Parjjurra.  P  H 


West  Indie* 


British  Guiana 


Venezuela 


Taxonomy  of  Neotropical  Ml  rids*. 
Redovildae 


Systematic  s,  zoogeography  and 
ecology  of  Tcnebrionid  beetles 


Taxonomy  of  Caribbean  insects 


Ecology  and  taxonomy  of  dung 

beetles  (Coleoptera)  of  subfamily 
Scarabaeinae 

Biological  studies  ol  Mesocoelium 
sp.  Helminths  of  Jamaican  birds 
and  amphibians 

Cantharoidea  (Coleoptera) 


Behavior  of  birds  and  primates 


Taxonomy  and  ecology  in  small 
mammals  Podocnemi*  expanse 


Physiological  studies  Puerto 
Rican  vertebrates 


Mosquito  population  studies 


Zoogeography  and  taxonomy  of 
neotropical  Odoaata 


Taxonomy  of  the  South  American 
Hotnoptera  auchenorhyccha 


J.  Maldonado  Capriles 
*Jn*v.  P.  R. 

Mayaguez 

C.  Marcuzzi 
Inst,  of  Zoology  . 

Untv.  of  Iadova 
Italy 

L.  Martorcll 
Agr..  Expt.  Sta. 

Untv.  P.  R. 

Rfo  Piedras 

E.  G.  Matthews 
Umv.  P.R. 

Rfo  Piedras 


Puerto  Rico 


South  America  and 
West  Indies 


Puerto  Rico 


Netherlands 

Antilles 


D.  F.:  Mcttnck 
Univ.  W.  I. 

Kingston 

G.  W.  Miskimen 
Fed.  Expt.  Sta. 

Mayaguez.  R. 

M.  H.  Moymhan 

Canal  Zorn'  Biological  Area 

Balboa 

J.  Ow*t< 

Umv.  Central  Venezuela 
Carat  a* 

F..  Ortiz 
Umv.  P.R. 

Rfo  Piedras 

W.  A.  Page 
Univ.  W.  I. 

Jamaica 

J.  Raeems 

Umv.  Centrai  dc  Venezuela 
Caracas 

J.  A.  Ramos 
Umv.  P.  R. 

Mayaguez 


Jamaica 


Puerto  Rico 


Canal  Zone 


Venezuela 


Puerto  Rico 


West  Indie* 


V  enezuela 


Puerto  Rico 
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Biology  of  West  Indian 

topshell  (Cittoriom  pica) 


Guidebook  to  fishes  of  Puerto  Rico 
and  Virgin  {aland* 


Taxonomy  of  genus  Antciopus  in 

South  America.  Eleutfaerodactvlus: 
E.  coofct;  and  new  specs *t  of 
Anolt*  and  C  ryptobatrochu* 

Horaiotherms  of  Puerto  Rico 


Elapidar  of  the  New  World;  taxonomy 
and  zoogeography  of  VenczueUn 
snakes;  also  Leptotypfalopidae . 
caecilians  and  Podocnemis  expansa 

Biological  studies  of  mongoose. 

Herpcstes  javanicus  auropunctatus 


Genetics  of  Mullerian  mimetic 
butterflies 

Taxonomy  ot  amphibians,  genus 
Leptodactylu* 

Biological  rhythms,  chickens 


Systematic  s  of  W.J.  Pycnog onida; 

ecology,  systematic s  and  zoography 
of  W,  I*,  crustacea 

Distribution  of  amphibians,  reptile* 
and  mammals  in  Colombia 


Behavior  and  ecology  of  scorpions 


Taxonomy  of  i  i!ieta  living  on  echinoderms, 
particularly  the  genera  Echinomet ra 
and  Psadcma 

Behavior  of  rhesus  monkeys 


Taxonomy,  distribution  and  ecology  of 
Diplopoda,  Chtlopada.  Antillean 
Myriapo-Sa 

Cytology  and  chromosomal 
evolution  of  beetles 


Investigator  institution 
and  Address 


H.  A.  Randall 
Uiiiv,  P.  R.. 
Mayague* 

J.  E.  Randall 
Umv.  P.R. 
May  ague  r 

J.  A.  Rivero 
Umv.  P.  R. 
Mayagoez 


F.  J.  Rolle 
Inter- American  Univ 
San  German 

J.;  Rose 

Univ.  Central  Venezuela 
Caracas 


G.  A.  Seaman 
Christians  ted 
Virgin  Islands 

P.  M.  Sheppard 
Liverpool.  Eng. 

H.  Solano  d«  Ch,n  in 
Caracas 

A.  Sollbcrger 
Umv..  P.  R. 

Sai*  J  t  ar. 

J.  H  Stock 
£oo!og:ial  Museum 
Amsterdam.  Netherlands 

J.  R.  T.»m«itl 
Umv.  de  I»'<»  Andes 
Bojjt'i.f 

F.  Turret 
Univ.  P.  R. 

Rio  Picdra* 

S.  Urdaneta- Morales* 
Umv.  Central  Venezuela 
Caracas 

J.  G.  Vandt nbergh 
Laj-S.  P.  R. 

M.  J  Velez 
Umv.  P.  R. 

Rfo  Piedras 

N.  Virkki 

Agricultural  Expt.  Sta. 
ontv  P.  R- 

R{o  Piedras 
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Area 

West  Indies 

Puerto  R*co  and 
Virgin  Islands 

Puerto  Rico 

Puerto  Rico 

Venezuela 

Virgin  Islands 

Trinidad  and 
Surinam 

Venezuela 

Puerto  R  co 

West  Indies 

Columbia 

Puerto  Rico  a.id 
Panama 

Caribbean 

Islands  near  Paraguera, 
Puerto  Rico 

Puerto  Rico 

Caribbean 


seines  services  division 


Table  7  (Contd) 


Subject 

Investigator  institution 
and  Addrosi 

Ar«  . 

Ornithological  wvextigatior.* 

K.  H.  Vooux 

Zoologisch  Mutrum 

Amrtcrdam.  Netherlanda 

Netherlands 

Bioloav  of  Donax  denticulatua  Linae 

B.  Wade 

Univ.  W.  1. 

Jamaica 

Jamaica 

CcoIocy  and  phyilology  of  Fisaurella 

J.  Ward 

BtlUiri  Rfi.  ln*t. 

Barbados.  W.  1. 

Barbados 

Migration  and  movement  of  Puerto 

Rican  birds  by  banding 

J.  B.  McCandle** 

Mayagucz.  P.  R. 

Puerto  R.i  o 

Table  8 


CURRENT  BOTANICAL  RESEARCH  IN  CENTRAL 
AND  SOUTH  AMERICA 


«t**r  allMi!*?!  *  »» 
^tv'  A*!'i  r • 


A.;  Rr^?.i 

N?t»*iAji  Muc*  -jj  *tj*y»*|  l]i«tc-r\ 

Pari  -  V  F ra.«»  « 

Savant  vegetation  M  Coie  Era.-ii 


Subject 

Ecological  et-adi^s  «•!'  vegetation 
(or*H4liun» 


Surinam  ¥?geiat*«*\  J.  p.  c^-iiui*  Surinam 

Vegetation  n.  Uu..r  \».ara*fcu4 

Cai nrfMK.Wc-ft » f »»  NM  Of ?■  •  |  >♦ 

Cai:a*»rr».  Au*t r«i m 


V>KfUt;or.  for  nation* 


I.  Esoju! 


Caj./mSfi 


VtgfUthtr* 


D.  S.  Karri- 


Ir.dic-H 


inventory  and  da* 'if \c  at  urn  o*  natural  G.  fcod.>u*k*  Central 

Kabauiix  Inter 'American  ln»t.  «*C 

Arrkuinue!  Sconce' 

T^rriiSba,  Cos*h  U;;i 

Flora  of  JamaUa  W.  F.  Steam  Jamaica 

G.  R.  Proctor 

British  Miisrurn -Natural  Histvy 
Cr'imne!1  PH, 
ljcx*i'r>  5W  I,  Em, 

Flora  of  V^ntmla  T  Uitstrr.  L.  ArtsU*o:clo  V?»€iaria 

J.  S»t  V‘"mar<,  F.  ff4o>U 
V.  Varese  hi,  Z.  tic  Frbrfi 
Botany 

Am  rUuo  ' !  M? 

Caracas 

Botanical  »Mi<«  ac*J  Bora  of  Peru  ft.  Kcrrrvra  Peru 

F.  Brnir 
San  Marcus  I'r.r  . 
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Work  of  the  Surinam  Forest  Department,  Dutch  Guiana,  in 
cooperation  with  the  State  University  of  Utrecht  (J.  Lanjouw  and  F.  Jonker, 
investigators)  has  contributed  to  ecological  and  vegetation  research  in  the 
tropical  Americas.  Ecological  studies  of  the  rain  forest  in  Northern  Surinam 
by  J.  P.  Schulz  are  important.  Some  botanical  research  is  performed  at  the 
F rench  Institute  of  Tropical  America,  French  Guiana. 

Botanical  research  is  emphasized  at  the  lnstituto  Botanico  in 
Venezuela  and  at  the  universities  at  Caracas  and  Merida.  Bogota  and 
Medellin  botanists  who  are  engaged  in  Colombia's  floras  are  listed  in  Table  2. 

In  Argentina,  taxonomic  and  ecological  investigations  on  mam¬ 
mals  are  being  made  by  scientists  from  lnstituto  Miguel  Lillo  in  Tucuman, 
Museo  Nacional  ir  Buenos  Aires  and  lnstituto  de  Biologia  in  Mendoza. 

Brazilian  floristic  and  ecological  studies  are  emphasized  at 
the  Rio  de  Janeiro  botanical  garden.  An  active  zoological  department  is 
maintained  at  the  Universidade  de  Brasilia,  Sao  Paulo.  Agricultural  and 
botanical  institutes  at  Curitiba  (Parana),  Belo  Horizonte  (Minas  Gerais), 

Belem  (Para)  and  Manaus  (Amazonas)  are  engaged  in  research  and  field 
activity.  At  the  lnstituto  Agronomico  do  Norte,  Belem,  particular  emphasis 
is  given  to  ecology  and  applied  agriculture  and  extensive  work  has  involved 
Brahmin  cattle  and  Indian  water  buffalo.  Genetic  research  on  Brazilian 
rubber  varieties  and  other  tropical  plant  species  has  been  emphasized,  and 
the  institute  maintains  a  network  of  experimental  stations  with  headquarters 
in  Para. 

A  broad  study  program  involving  collection  of  mosquito  spe¬ 
cimens  is  active  at  the  Be?  'm  Virus  Laboratory.  Afranio  do  Amaral  of  the 
lnstituto  Butantan  of  Sao  Paulo  has  performed  recent  research  on  venomous 
animals  and  zootoxicoses.  The  Departamento  de  Zoologia,  Sao  Paulo,  is 
engaged  in  mammalogical  investigations  in  Southern  Brazil. 

The  most  detailed  inventories  of  the  Amazonian  forest  are 
those  being  made  under  the  auspices  of  FAO*,  particularly  the  work  reported 
by  D.  Heinsdijk  and  A.  de  Miranda  Bastos.3^  The  Museu  Nacional,  Rio  de 
Janeiro,  has  supported  taxonomic  projects  in  the  Xingu  and  other  parts  of 
Brazil.  W.  Egler,  G.  Black,  R.L.  Fores,  and  W.A.  Ducke  have  been  con¬ 
ducting  field  research  and  taxonomic  studies  in  the  Amazon  Basin.  A  flora 
for  Rio  Grande  do  Sul  is  being  prepared  by  R.  Reitz  and  L.  B.  Smith,  and  a 
new  "Flora  Brasilica,"  begun  by  Hoehnc,  is  being  continued  by  A.  R.  Teixeira, 
SSo  Paulo. 


*e.g.,  FAO  reports  601,  949,  969,  992  (1947-1958);  1284  (1960);  1337 
(1961);  and  1483  (1962). 
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b.  Africa 


Botanical  research  in  Africa  south  of  the  Sahara  has  experi¬ 
enced  a  recent  notable  expansion.  Koechlia^  reports  a  steadily  increasing 
scientific  interest  under  the  sponsorship  of  such  agencies  as  Office  de  la 
recherche  scientifique  et  technique  d'outre-mer  (ORSTOM)  in  France,  Bel¬ 
gium's  Xnstitut  National  pour  1'  Etude  agronomique  du  Congo,  the  Centro  de 
Botanica  da  Junta  de  Investigates  de  Ultramar  in  Portugal,  and  the  Minis¬ 
try  of  Overseas  Development  (British).  Such  international  organizations  as 
United  Nations  Educational  Scientific  and  Cultural  Organization  (UNESCO), 
Commission  for  Technical  Co-operation  for  Africa  (CCTA),  Scientific  Coun¬ 
cil  for  Africa  (CS A),  Association  pour  1* Etude  taxonomique  de  la  flore 
d'Afrique  tropicale  (AETFAT),  and  the  Food  and  Agriculture  Organization 
of  the  United  Nations  (FAO)  have  contributed  to  the  increased  emphasis  on 
cooperative  effort  among  African  scientists.  Table  9  lists  African  institu¬ 
tions  and  areas  of  plant  and  animal  research. 

Complete  modern  floras  are  available  for  only  parts  of  Africa. 
A  revised,  second  edition  of  The  Flora  of  West  Tropical  Africa  (Mauritania 
to  the  Western  Cameroons)  by  Hutchinson  and  Dalziel  will  be  published  soon. 
The  Belgians  are  preparing  a  flora  of  the  former  Belgian  Congo  and  Rwanda- 
Burundi.  The  Royal  Botanic  Gardens,  Kew,  is  preparing  a  Flora  Zambesiaca 
and  a  Flora  of  Tropical  East  Africa,  parts  of  which  have  been  published. 
Floras  are  available  for  a  few  other  areas  such  as  the  Sudan  but,  generally, 
tropical  Africa  has  rather  inadequate  modern  floras.  F.  White  has  been 
investigating  the  forest  floras  of  Northern  Rhodesia,  and  M.  Cole  recently 
studied  the  savannas  of  that  area.  Uganda  is  the  only  nation  in  East  Africa 
receiving  a  detailed  vegetation  survey  although  one  of  Southern  Kenya  was 
made  in  1961.  R.  Germain  recently  completed  a  study  of  savannas  in  the 
former  Belgian  Congo,  and  G.  Hedberg  has  made  a  fine  study  of  African 
high-mountain  plant  life  in  relation  to  its  environment. 

Maintained  since  1953  at  AETFAT  is  an  index  to  publications 
on  taxonomy  in  Africa  south  of  the  Sahara.  In  I960,  E.  M.  van  Zinderen 
Bakker  prepared  a  digest  on  the  palynological  research  program  of  various 
African  laboratories.  CCTA/CSA  maintains  a  current  record  on  vegetation 
mapping  programs. 

Khalil  reports  that  research  in  "animal  ecology  ...  is  far 
behind  plant  ecology"  today  in  Africa. Some  recent  studies  have  been  per¬ 
formed  on  the  peculiar  faunas  of  the  savanna  forests.  Detailed  studies  of 
Noirfalise  in  the  National  Park  of  Garamba  and  those  by  Curry-JLindahl  in 
the  Eastern  Congo  deserve  mention.  The  work  of  G.  Williamson  and  W.  J.A. 
Payne  in  animal  husbandry  is  notable,  as  are  the  research  efforts  of  A.  J. 
Marshall  and  M.  C.  Williams  on  the  migratory  habits  of  birds. 
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Table  9 


PLANT  AND  ANIMAL  RESEARCH  IN  AFRICA 


Subject 

Investigator  Institution 
and  Address 

Area 

Zoological  studies 

A.  dr  Barron  Machado 

Museum  of  Dundo 

Dundo,  Luanda 

Luanda 

Medicinal  plants 

Pasteur  Inst  cl  Cameroon 

E.P.  88$ 

Yaounde 

Cameroon 

Botanic-*!  research,  flora 

Section  of  Forestry  Research 

B.P.  194 

Y aounde 

Cameroon 

Inventory  and  parasitological  studies 
of  rodents  and  other  small  mammals; 
snake  identification 

Pasteur  inst.,  of  Bangui 

B.  F.  923 

Bangui*  Central  African  Republic 

Central  Africa 

Investigations  into  natural  and  artificial 
regeneration,  tropical  ram  forest 

Forest  Res.  Inst. 

P.  O.  Box  41 

Kunusi,  Ghana 

West  Africa 

Bush  fallows,  nutrient  cycle  in  the 
forest;  ecology  of  forest  area: 
marine  algae  ecology;  biometric 
and  cyto taxonomic  studies  of 
indigenous  plants;  descriptive 
studies  of  flora 

Ur.iv.  of  Ghana 

Logon*  Accra 

Ghana 

Medicinal  plants 

Dept,  of  Agriculture 

Seredou  near  Macenta.  Guinea 

Guinea 

Botany,  plant  physiology 

Inst,  of  Teaching  and  Tropica!  Res. 

B.P.  20 

Abidjan 

Ivory  Coast 

Ecology  of  principal  forest  species; 
biology 

Ivory  Coast  Tropica!  Forest 

Tech.  Centre 

B.P.  4340,  Abidjan 

B.P,  59b.  Bouak/ 

Ivory  Coast 

Marine  biology;  d'ep-water  fauna 

Oceanography  Res.,  Center 

13.  P.,  35 

Abidjan 

Gulf  of  Guinea 

Ecological  analysis  of  plants  and  animals, 
savanna  environment 

Tropical  £coiog\  Lab. 

of  Lamto 

B.  P.  It 

Tiassale 

I\or\  Coast 

Taxonomy  of  natural  grasses 

Dept,  of  Agriculture 

Grasslands  Res.  Sfa. 

P.  O.  Box  450 

KiUle 

Kenxa 

Silviculture,  pathology  and  entomology; 
insect  pests  and  parasites 

East  African  Common  Services 
Organisation,  Forest  Dept. 

P..  O  Box  3C9927,  Nairobi 

P.  O.  Box  21 Kikuyu 

Kenya 

Came  research  in  tropical  forests 

Royal  College 

Uni\  .  of  East  Africa 

Nairobi.  Krm& 

East  Africa 

Tsetse  fly 

Veterinary  Res.  Lab. 

Kabete 

East  Africa 

Table  9  (Contd) 
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1  > 

\  i 
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Systematic  and  ecological  study  of  fauna.' 
vegetation  stages;  specimen  collection 

Scientific  Res.  Inst.-  of  Madagascar 

B  P.  434 

Tananarive 

Madagascar  (and 

Neighboring  Islands) 

Migratory  locust 

International  Organization  Against 
the  African  Migratory  Locust 

Ka ra- Mac ma.  Malt 

Africa 

Plant  ecology  and  silviculture 

Federal  Dept  of  Forest  Res 

P.M.  B  5054 

Ibadan,  Nigeria 

Nigeria 

Photogeographical  and  ecological  investigations 
of  tropical  forest  and  savanna 

Inst,  of  Central  African  Studies 

Sta.  Centrale 

B.  P.  181 

Brazzaville 

Republic  of  the  Congo 

t 

.1. 

f 

r 

?r 


Monographs  of  flora  and  fauna 


Vegetation  surxr>» 


Senegal  Res.  and  Documentation  Center 
B.  P.  382 
St.  Louis 


Dtp!,  of  Agruullurt 
Kauandd  R**S.  Sta 
P,  O.  Box  2b  5 
Kampala 


Republic  of  the  Congo 


L' garni. a 


Vegetation  maps 


Dept,  of  Lands  and  Sur\e>» 
P  O.  Box  3b! 

Kampala 


Uganda 


Arthropod  vectors 


East  African  Virus  Res. 
P.  O.  Box  4<> 

Entebbe,  Uganda 


Inst. 


Kenx.'i,  Uganda  and 
Tanganyika 


Ecological  and  entomological  studies 


Forest  Dept 
P.  O  Box  31 
Entebbe.  Uganda 


Uganda 


Fresh-uatrr  biology 


Makerere  College 
Univ.  of  East  Africa 
Dept  of  Zoolog\ 

P.  O.  Box  262 
Kampala 


Uganda 


Systematic  and  ecological  studies  of  flora 
and  fauna 


Belgian  Royal  Inst  of  the 
Natural  Sci. 

31  rue  Vantier 
Bruxelles  4,  Belgium 


Africa 


Tropical  zoology  and  botany 


Inst,  for  Soentifix  Res. 

in  Central  Africa 
1  rue  Defacqx 
Bruxelles,  Belgium 


Central  Africa 


Systematic  study  of  vegetation 


National  Inst.,  for  the  Agronomic 
Study  of  the  Congo 
1  rue  Defacqz 
Bruxelles,  Belgium 
Substa.:  Yangambi 
Province  Orientate ,  Congo 


Congo 
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Numerous  ecological  estuary  studies  have  seen  performed  in 
Africa.  Ecological  studies  on  marginal  lagoons  of  Western  Nigeria  by  J.E. 
Webb  and  M.  B.  Hill  have  contributed  to  the  understanding  of  biotic  factors 
influencing  animal  distribution  in  these  areas. 

A  voluminous  ecological  study  of  the  Parc  National  de  la 
Kagera  (Rwanda -Burundi)  by  G.  Troupin  of  the  University  of  Liege  will  soon 
be  published.  D.  Muller  and  J.  Nielsen  have  engaged  in  an  important  pioneer 
study  of  biological  productivity  in  the  Ivory  Coast  rain  forest.  R.,  Paulian 
has  performed  important  work  in  animal  ecology  in  the  Ivory  Coast  forest. 

There  has  been  only  fragmentary  research  on  the  invertebrate 
faunas  of  Africa —  insects  and  ticks  being  an  exception.  Some  recent  works 
have  been  by  Luc  and  de  Guiran  (I960)  on  nematodes  and  by  Crowley  and 
Pain  (1959)  on  mollusca.  A  permanent  Inter-African  Bureau  of  Tsetse  and 
Trypanosomiasis  (BPITT)  publishes  reviews  of  all  research  conducted  in 
African  territories  on  invertebrates. 

P.  J.  Darlington  Jr.  has  done  considerable  work  on  cold¬ 
blooded  vertebrates  in  Southern  Africa;  A.  H.  Booth' s  extensive  works  on 
African  primates  and  R.  Paulian' s  zoogeographical  work  on  Madagascar  and 
neighboring  islands  are  noteworthy  research  efforts  in  this  area. 

Entomological  studies  have  been  extensive,  especially  where 
they  relate  to  African  host  plants  of  high  economic  value.  For  example,  an 
international  program  of  research  on  desert  locust  control  financed  by  a 
special  fund  of  the  United  Nations  and  systematic  studies  of  the  ecology  of 
locust  reproductive  zones  by  FAO  and  UNESCO  are  supplementing  regional 
research.  Termites  ^  and  the  tsetse  fly  also  have  come  under  extensive 
scrutiny.  K.  Hocking  of  the  Colonial  Insecticides  Research  Unit  is  per¬ 
forming  extensive  studies  of  chemical  control  of  the  tsetse  fly.  H.C.M. 

Parr  is  engaged  in  biting-fly  research  at  the  Department  of  Agriculture, 
Entebbe,  Uganda,  and  the  Kawanda  Research  Station  has  performed  vege¬ 
tation  surveys.  At  Entebbe,  ecological  and  entomological  studies  by  the 
Forestry  Department  are  in  progress.  The  WHO  Regional  Office  of  Africa 
has  been  active  in  assisting  local  health  departments  in  their  work  on  pest 
control,  particularly  of  those  which  are  vectors  of  human  disease.  In  the 
area  of  parasites  and  predators  of  insect  pests,  the  work  of  Ossowski  on 
biological  control  of  the  bagworm  Katochalia  junodi  should  be  mentioned. 
Meriting  attention  is  the  work  cf  Risbec  on  Chalcid  parasites  common  on 
Psudococcus  bingervillensis  and  P,  njalensis.  Jepaen  reports  that  "the 
extension  and  coordination  of  this  work,  perhaps  around  a  nucleus  established 
by  the  Commonwealth  Institute  of  Biological  Control,  wouid  be  a  project 
well  worthy  of  international  support  through  FAO. 
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Work  in  progress  on  aquatic  animals  at  South  African 

universities  in  Cape  Town  and  Grahamstown  is  reported  by  the  Council  for 
Scientific  and  Industrial  Research  (CSIR)  in  bibliographies  published 
periodically.  1  Postel  reports  thai  the  South  African  survey  of  the 
pilchard  {Sardinops  oceilata)  is  a  model  work  after  which  similar  pro¬ 
grams  should  be  patterned  on  other  popular  edible  species  of  fish.  The 
work  includes  a  methodicai  examination  of  the  environment  by  M.  E.  L 
Buys;  a  bromatological  inventory  by  C.  S.  de  V.  Nepgen;  a  brief 
ecological  description  by  A  E.  F.  Heydor,  mentioning  the  water 
indicators;  D.  H.  Davies'  study  ol  growth,  behavior  and  reproduction, 
and  analysis  of  stocks  and  census  and  estimate  of  the  significance  of 
predatory  animals;  and  C..  G.  du  Pleissis1  historical  review  of  fisheries 
development.  It  is  Postel1  s  opinion  that  South  African  marine  biology  is 
well-organized  and  that  the  intrastructure  fo  *  future  programs  is  already  in 
existence.  Preliminary  plans  call  for  IBP  fu'l-scale  ecological  studies  at 
the  University  of  Elizabethville  (Upper  Congo  Basin),  Jinja,  Khartoum, 

Aswan,  and  Alexandria  (Nile  system). 

c.  South  Asia  and  Oceania 

Some  progress  in  Pacific  Taxa  mapping  has  been  made  under 
the  direction  of  C.G.G.  J.  van  Steenis.  ^  He  anticipates  that  more  than  150 
maps  will  be  included  in  the  proposed  Pacific  Plant  Areas.  Mrs.  J.  J.  van 
Steenis -Kruseman  gathered  material  for  the  first  volume  which  will  be 
entitled  Bibliography  of  Published  Maps  of  Pacific  Taxa  and  contain  26  maps; 
inclusion  of  50  maps  is  anticipated  for  a  second  volume.  A  grant  from  the 
Korthals  Fund  (Royal  Netherlands  Academy  of  Sciences)  has  been  invaluable 
to  the  compilation  of  the  second  volume,  but  funds  are  being  sought  for  map 
production  for  some  areas.  When  completed,  this  work  will  provide  an 
important  tool  for  Pacific  vegetation  and  fioristic  research. 

Other  bibliographies  in  preparation  include:  Botanical 
Bibliography  for  Australasia  prepared  by  R.  D.  Hoogland  of  the  Common¬ 
wealth  Scientific  and  Industrial  Research  Organization,  Canberra,  Australia; 
E.  H.  Walker' s  botanical  bibliography  of  Okinawa  and  Southern  Ry’.ikyus  to 
be  included  in  the  Flora  of  Okinawa  and  the  Southern  Ryukyus. 

Mona  Lisa  Steiner,  aided  by  a  UNESCO  grant,  has  compiled 
a  list  of  common  names  of  Pacific  plants  to  be  published  under  the  title 
Compilation  of  Common  Names  of  Pacific  Foodplants.  ^  Correlation  of 
scientific  names  with  vernacular  terms  attacks  the  problems  of  communi¬ 
cation  barriers;  the  undertaking  of  similar  compilations  on  timber  trees  of 
the  Pacific  is  anticipated  for  Steiner's  work  in  this  area. 

Eventually,  Flora  Malesiana  being  prepared  by  van  Steenis 
will  be  a  complete  flora  (by  many  contributors)  of  the  Malesian  region..  Some 
publication  has  already  appeared,  but  other  work  awaits  additional  funds 
for  publication. 
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At  the  10th  Pacific  Science  Congress,  Yen  reported  an  in¬ 
crease  in  genetic  plant  research  in  South  Asia  and  Oceania  areas,  particularly 
India' s  work  on  economic  plants  an"  the  emphasis  placed  on  natural  floras 
by  Australia.  ^5  Other  plant  research  of  importance  is  listed  in  Table  10. 

Table  10 


PLANT  RESEARCH  IN  SOUTH  ASIA  AND  OCEANIA 


Subject 


Principal  Investigator 


Area 


Forests 


E.  Stebbing 


India 


V  egetation 


J.  Vidal 


Laos 


Vegetation  map 


Vegetation  survey 

Ecological  studies 
in  mixed  diptero 
carp  forest 


J .  Wyatt -Smith 
Forestry  Dept.  , 
Univ.  of  Ibadan 
Ibadan,  Nigeria 

T.  Kaikira 

P.  Ashton 
Forestry  Dept. 
Kuching,  Sarawak 


Malaysia 


Thailand 

Brunei 


A  Central  Card-Index  for  zoological  specimens  of  South  Asia 
was  begun  in  1962  at  the  Zoological  Survey  of  India,  Calcutta,  under  the 
direction  of  M.  L.  Roonwal.  This  project  has  had  financial  assistance  from 
UNESCO  and  is  under  the  direct  management  of  K.  C.  .Tayaramakrishnan. 
Data  from  repositories  in  India  and  other  South  Asian  countries  are  to  be 
accumulated  for  this  index. 


The  Colombo  National  Museum,  Ceylon,  has  a  continuing 
collection  program  of  vertebrate  and  insect  specimens,  zoological  surveys, 
and  an  annual  publication,  Spolia  zeylanica. 

Szent-Ivany  (1963)  reported  an  expansion  of  entomological 
research  in  Hawaii.  A.  L.  Rand's  and  D  S.  Rabor’ s  avifaunal  studies  in 
the  Philippines  are  noteworthy.  Systematic  studies  of  various  species  in 
the  islands  have  been  performed  by  A.  C.  Alcala,  R.  B.  Gonzales,  F. 
Salomonsen,  K.  C.  Parkes,  and  D.  .-»madon.  A.  C.  Alcala  also  has  done 
considerable  work  on  Philippine  amphibians  and  reptiles;  some  of  this  work 
has  been  performed  in  collaboration  with  W.  C.  Brown.  Rabor' s  additional 
research  projects  in  progress  include  studies  on  the  altitudinal  distribution 
of  Philippine  birds  and  the  biology,  ecology,  systematics,  and  distribution 
of  Philippine  birds  and  mammals.  Rabor  and  Rand  are  collaborating  on 
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studies  of  the  avifauna  of  Luzon  Icland;  Alcala's  project,  Herpetology  of 
Negros  Island,  will  encompass  the  life  history  and  ecological  studies  of  the 
amphibians  and  reptiles. 

Fishes,  containing  taxonomic  information  on  all  species  of 
Australian  fish,  has  been  compiled  by  the  CSIRO  Division  of  Fisheries  and 
Oceanography  at  Cronulla. 

Table  11  lists  some  zoological  investigations  in  progress. 


Table  11 

ZOOLOGICAL  INVESTIGATIONS  IN  TROPICAL  AUSTRALIA46 


Subject 

Principal  Investigator 

Area 

Grapsid  crabs  (taxo¬ 
nomic) 

B.  Campbell 

Queensland, 

Australia 

Venom  and/or  venom 
apparatus  of  various 
cone  shells  and 
poisonous  fish 

R .  Endean 

Australia 

Taxonomic  and  bio¬ 
logical  studies 
of  amphibians 

A.  K.  Lee 

Queensland, 

Australia 

Evolutionary  and  popu¬ 
lation  genetics  of 
Drosophila  in  tropical 
Australasia 

W.  B.  Mather  and 

D.  Angus 

Australia 

Queensland  mysids  (taxo¬ 
nomic) 

Dinah  Ogg 

Australia 

Queensland  mereid  worms 

Eleanor  Russell 

Australia 

Queensland  shipworms 

Myra  Smith 

Australia 

Ecology  of  intertidal 
environments  on 
coral  bays 

W.  Stephenson 

Australia 

3.  Research  of  Significant  Growth  Potential 


Flora  Neotropica  directed  by  Bassett  Maguire  is  a  significant 
endeavor.  This  project.ur.der  the  sponsorship  of  UNESCO  and  directed  by 
The  Association  for  Tropical  Biology  Inc.  ,  has  received  funding  from  the 
United  Nations  Special  Fund.  It  represents  a  cooperative  effort  of  the 
scientific  community  in  the  United  States  and  Latin  America. 
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F.  R  Fosberg  heads  the  Pacific  Vegetation  Project  operating 
under  the  auspices  of  the  United  States  Geological  Survey.  This  project 
promises  to  provide  an  updated  flora  of  the  coral  atolls  and  of  other  island 
areas. 


The  Humid  Tropics  Commission  of  UNESCO  is  planning  a 
major  symposium  on  the  Ecology  of  the  Savanna /Forest  Boundary  and 
scheduling  it  for  1968. 

At  the  UNESCO  Toulouse  Conference  concerning  cartographical 
representation  of  vegetation,  at  which  participants  also  discussed  the  merits 
of  the  many  different  systems  of  classification,  an  international  program  of 
vegetation  mapping  was  instituted  and  is  being  carried  out  at  the  Institut 
fran^ais  de  Pondichery  under  the  direction  of  H.  Gaussen.  Since  1961 
several  "international  maps  of  vegetation  and  environmental  conditions  at  a 
scale  of  1:1,000,000  and  accompanying  texts  have  been  produced. 

An  International  Biological  Program  (IBP)  proposed  by  the 
International  Council  of  Scientific  Unions  (ICSU)  was  formally  organized  in 
July  1964  in  Paris,  and  several  affiliated  nations  have  formed  their  own 
national  committees  for  its  implementation.  IBP  objectives  are  the  en¬ 
couragement  of  worldwide  ecological  studies  involving  every  field  of  biological 
science  and  the  acquisition  of  worldwide  data  that  are  reasonably  comparable 
regardless  of  the  area  from  which  derived.  Emphasis  will  be  placed  on  the 
composition,  structure  and  function  of  ecosystems,  with  biotic  factors  re¬ 
corded  on  a  quantitative  basis  using  a  punch- card  system.  Vegetation  will 
be  described  by  grouping  plant  formations  into  categories  according  to 
system  size,  character  of  the  plants  present,  and  ecosystem  dynamics. 
Humans,  avifauna,  mammals,  reptiles,  amphibia,  invertebrates,  and  soil 
fauna  will  be  indicated  as  being  present,  abundant,  or  markedly  affecting 
environment.  The  IBP-proposed  punch-card  system  was  used  successfully 
for  biological  surveys  in  Britain,  particularly  for  preparation  of  the  Atlas 
of  the  British  Flora.  IBP  requirements  include  training  facilities, 
processing  centers  for  handling  data,  biological  sample  analysis,  and  new 
sources  of  funds  for  the  less  developed  countries. 

In  February  1965,  the  U.  S.  National  Committee  for  the 
International  Biological  Program  (USNCIBP)  published  the  preliminary 
framework  for  U.  S.  participation.  Objectives  include  "encouragement  and 
training  abroad,  especially  in  Latin  America,”  and  studies  that  concentrate 
on  the  ecosystem  function.  ^ 

One  or  more  centers  of  intensive  study  are  to  be  selected  on 
each  major  continent.  The  IBP  Committee  of  the  Royal  Society  of  England 
has  selected  two  such  centers  in  the  tropics:  the  savanna  of  East  Africa  and 
the  wet  tropics  of  West  Africa.  The  Amazon  region  has  been  considered  as 
a  desirable  site  for  intensive  study  in  tropical  America. 
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4.  Research  Gaps 


"Among  the  major  gaps  in  our  knowledge  of  neotropical  plant 
life,"  writes  W.  L.  Stern,  "are  the  origin,  relationships,  migrations,  and 
present  geographical  distribution  of  flora.  "51  Stern  also  stressed  the  need 
for  more  paleobotanical  collecting,  including  palynological  data,  and  more 
accurate  dating  of  the  geological  strata  concerned.  The  importance  (and 
lack)  of  voucher  herbarium  specimens  was  emphasized.  Recommendations 
from  the  Neotropical  Botany  Conference  held  at  Fairchild  Tropical  Garden, 
Miami,  Florida,  May  5-7,  I960,  indicated  a  consensus  by  participants  on 
the  following  needs:  "...repositories  (collections  and  botanical  gardens)  of 
dried,  fluid-preserved  and  living  plants  suitable  for  studies  (should  be) 
expanded.  .  .  and  new  ones  situated  in  the  neotropics  should  be  established. 

Other  major  gaps  needing  attention  include  growth  processes 
in  wild  plants  or  their  organs,  periodic  responses  (reproductive  and  ana¬ 
tomical),  photosynthetic  yield  in  low  and  high  humidities,  physiology  <jf 
epiphytes  and  lianas,  chromosome  counts  on  tropical  plants,  fundamental 
work  on  micro-organisms,  fundamental  cytogenetic  studies,  coordinated 
programs  for  systematic  inventory  of  plants  and  animals,  and  organized 
studies  of  land  and  marine  biota  by  geographic  distribution. 

Many  authorities  indicate  need  for  basic  ecological  studies  of 
both  plants  and  animals  of  the  humid  tropics,  and  it  is  agreed  that  taxonomic 
work  in  all  of  the  humid  tropic  areas  is  a  prerequisite.  The  work  of  syste- 
matists  and  biogeographers  is  imperative  for  a  full  study  of  ecological 
systems.  Study  of  natural  plant  communities  and  wildlife  preservation 
appears  to  be  of  great  concern  to  humid  tropics  experts.  "The  tropics," 
states  P.  W.  Richards,  "still  need  more  description,  not  just  analysis.  "* 
Tropical  biota,  inadequately  studied,  are  rapidly  disappearing  so  long¬ 
term  studies  in  one  place  are  needed. 

No  significant  publications  on  the  plants  of  Burundi,  Cabinda, 
Chad,  Comores  Islands,  Dahomey,  Nicobar  Islands,  Palau  Islands,  or  Timor 
were  found.  In  the  following  countries,  there  were  no  significant  or  recent 
publications  on  the  animal  life:  Barbados,  Borneo,  Dominica  (Islands), 
Dominican  Republic,  Margarita  Island,  Martinique,  St.  Lucia  Island,  St. 
Vincent  Island,  Burundi,  Cabinda,  Central  African  Republic,  Chad,  Comores 
Islands,  Congo  (French),  Ecuador,  Dahomey,  Fernando  Poo,  Gabon  Republic, 
Gambia,  French  Guinea,  Paraguay,  Peru,  Portuguese  Guinea,  Rwanda, 
Senegal,  Sierra  Leone,  Tanganyika,  Togo,  Zanzibar  and  Pemba  Islands, 
Andaman  Islands,  Communist  China,  Nationalist  China,  Laos,  Nicobar 
Island r,  Brunei,  and  Palau  Islands. 


*Oral  communication  to  H.  Vogel,  project  manager,  July  20,  1965. 
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Although  there  have  been  specialized  vegetation  studies  by 
aerial  photographic  means  in  some  areas,  vegetation  mapping  has  serious 
gaps  (Appendix  C).  Standardization  in  methods  of  correlating  photographic 
information  with  ground  studies,  however,  is  necessary  for  specialized 
vegetation  maps  on  an  ecological  basis. 

5.  Problems  of  a  Barrier  Nature 

Financing  to  further  research  on  plant  and  animal  life  in  all 
the  humid  tropics  creates  a  problem.  One  of  the  great  barriers  is  the  lack 
of  facilities  for  long-term  investigations  (5  years  or  more).  This  is  one 
reason  why  there  is  so  little  information  on  (e.  g.)  the  growth  rate  of  slow- 
, rowing  trees,  changes  in  vegetation  as  a  result  of  man's  activities,  and 
l'jany  other  subjects. 

A  major  problem  is  the  poor  communication  between  tropical 
ar.  extratropical  biologists.  Scientists  of  the  midlatitudes  are  unable  to 
apply  completely  their  terminology  and  methodology  to  the  problems  of  the 
humid  tropics.  A  standard  nomenclature  and  method  of  characterization 
must  be  agreed  upon  to  effect  the  desired  cooperation  between  scientists  of 
all  participating  countries.  At  the  Yangambi  Symposium  (1956),  a  small 
group  (British,  French,  Belgian,  Portuguese,  South  African)  reached  agree¬ 
ment  on  the  nomenclature  of  the  chief  types  of  tropical  African  vegetation. 
Probably,  the  same  thing  could  be  done  for  the  New  World  tropics  and  for 
all  of  the  tropics.  Generally,  botanical  texts  used  in  the  midlatitudes  do  not 
prepare  the  student  for  experiments  in  the  humid  tropics  environment.  A?'o, 
there  are  few  field  manuals  for  plant  identifications  and  few  areas  in  the 
tropics  where  the  researcher  can  get  a  guide  to  plants  of  the  local  area. 

The  political  climate  found  in  many  developing  nations  is  a 
serious  barrier  to  the  conduct  of  research.  Biological  problems,  however, 
are  too  urgent  to  wait  for  gradual  development  of  organizations  and  personnel 
capable  of  tackling  them  in  the  "emergent"  countries. 

Another  problem  is  lack  of  dissemination  of  past  research 
results.  Valuable  information  is  unavailable  to  present  investigators,  but 
the  problem  would  be  avoided  in  the  future  if  research  funds  were  granted 
with  a  stipulation  that  results  be  published;  however,  such  a  stipulation  is 
not  generally  acceptable  to  the  scientific  community. 

6.  Major  Controversies 

Today,  there  is  a  significant  difference  of  opinion  between 
vegetation  specialists  concerning  the  classification  of  surface  plant  cover. 
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it  has  been  suggested  by  P.  W.  Richards  that  ecology  of  the  tropics  is 
"biased  by  concepts  and  ideas  appropriate  mainly  to  the  study  of  vegetation 
in  temperate  climates  and  in  areas  where  a  very  large  proportion  of  the  land 
has  long  been  modified  by  agriculture  and  other  more  or  less  intensive 
forms  of  land  usage. ."53  the  1954  International  Botanical  Congress  in 

Paris,  a  lively  controversy  developed  about  whether  plant  associations,  as 
understood  in  temperate  countries,  exist  in  the  tropical  rain  forest.  Advo¬ 
cates  of  systems  developed  by  Braun- Blanquet,  Bray  and  Curtis,  Schulz, 
Fosberg,  Kuchler,  Tansley,  Beard,  Champion,  van  Steenis,  Holdridge, 
and  others  have  not  been  able  to  agree  on  a  set  method  of  categorizing  data. 

To  dissolve  differences  and  select  a  workable  classification  agreeable  to 
the  field  were  major  objectives  of  the  UNESCO  conference  on  world  classi¬ 
fication  of  vegetation  held  in  Paris  in  May  1965.  A  trial  experiment  of  the 
IBP  Pro  Forma  for  Site  Surveys  {MK.  Ill)  may  prove  to  be  an  initial  step 
for  uniform  data  recording  which  may  eventually  lead  to  solution  of  this 
controversial  point.  The  IBP  experiments  are  being  reported  to  E.  H. 

Pej  ring.  The  Nature  Conservancy,  Monks  Wood  Experimental  Station, 

Abbots  Ripton,  Huntingdonshire,  England. 

7.  Review  of  Field  and  Laboratory  Techniques 

Relatively  new  methods  such  as  airborne  electromagnetic 
remote  sensing  techniques  are  being  applied  to  supplement  standard  air¬ 
photo  methods.  ^  IBP  is  attempting  to  develop  new  procedures  to  identify 
surficial  plant  cover  in  the  field  and  especially  to  eliminate  the  need  for 
submission  of  fertile  specimens  to  select  herbaria  which  are  usually  far 
removed  in  distance  and  time  from  the  field.  55  Automatic  data  processing 
equipment  is  being  applied  to  the  compilation  of  bibliographies,  to  the  stor¬ 
age  and  retrieval  of  information  available  at  research  centers,  and  to  a 
worldwide  system  of  vegetation  classification. 

While  some  new  procedures  require  relatively  expensive, 
sophisticated  equipment,  P.  B.  Tomlinson,  speaking  in  Trinidad  at  the  1962 
Conference  on  Neotropical  Botany,  stated:  "I  do  sincerely  hope  that  botanists 
working  in  remote,  underdeveloped  areas  will  not  immediately  jump  to  the 
conclusion  that  they  must  have  expensive  items  of  equipment  such  as  electron 
microscopes  just  because  they  happen  to  be  fashionable. 

D.  AVAILABILITY  OF  DATA 

Sources  of  information  consist  of  depositories,  authorities 
and  research  organizations. 
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1.  Authorities 


Individuals  who  have  conducted  significant  research  in  the 
tropics  and  who  have  been  or  are  in  residence  in  a  tropical  area  are  con¬ 
sidered  as  authorities.  They  constitute  a  personal  type  of  information  source 
and  are  listed  in  a  matrix  and  directory  {Appendix  A,  Authorities)  of 
this  compendium. 

2.  Depositories 

Appendix  B  (Principal  Depositories)  of  this  compendium 
should  be  consulted  to  determine  amount,  type  and  availability  of  humid 
tropical  biological  and  zoological  research  materials  located  at  depositories 
containing  extraordinary  holdings,  either  quantitatively,  qualitatively,  or  both. 

3.  Research  Organizations 

Organizations,  agencies  and  institutions  engaged  in  specialized 
research  investigations  of  humid  tropical  plants  and  animals  may  be  found  in 
the  separate  volume  entitled  A  Directory  of  Institutions  Primarily  Devoted 
to  Humid  Tropical  Research.  This  directory  was  published  in  October  1965 
by  McGill  University  for  the  U.  S.  Army  Research  Office  and  the  IGU. 

Highly  specialized  holding  by  organizations  acting  as  both  depository  and 
research  institutions  may  also  be  found  in  Appendix  B  of  this  compendium. 

The  lack  of  uniformity  of  data  collection  in  the  fields  of 
plants  and  animals,  as  well  as  the  absence  of  a  widely  accepted  classification 
scheme  for  these  data,  has  not  permitted  the  use  of  EAM  format  for  data 
storage  and  retrieval.  The  IBP  is  making  rapid  strides  to  correct  this 
situation  on  a  global  basis. 

4.  KWIC  (Keyword  in  Context)  Index 

Volume  I  of  this  inventory,  KWIC  Index-Humid  Tropic  Environ- 
mental  Literature,  contains  the  bibliography  collected  at  domestic  and  foreign 
depositories.  Materials  were  derived  primarily  from  the  literature  of  the 
geographic,  earth,  atmospheric,  and  biological  sciences. 

Plant  and  animal  life  literature  was  classified  into  the  follcw’- 
ing  categories  based  on  p-ogram  specifications: 

•  Vegetation,  General 

-  forests  and  other  woody  vegetation 

-  grasslands 

-  crops 

-  food  plants 
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•  Fauna,  General 

-  disease  carriers 

-  food  sources 

-  pests  (including  all  insects) 

-  parasites 

-  poisonous  animals 

-  predatory  animals 

•  Combined  Subject  Codes 

-  climate  and  vegetation 

-  climate,  soils  and  vegetation 

-  soils  and  vegetation 

-  flora  and  fauna 

In  Section  E  of  Volume  I,  these  topics  may  be  consulted  via 
their  code  numbers  for  each  area. 

E.  ASSESSMENT  OF  THE  STATE  OF  KNOWLEDGE 

The  cooperation  of  experts  with  personal  experience  in  the 
humid  tropics  has  been  sought  for  this  Inventory;  they  have  been  asked  to 
review  the  findings  and  offer  opinions  on  the  state  of  knowledge  of  humid 
tropical  plant  and  animal  life  generally  and  in  the  108  regional  and  political 
units  (mainly  entire  countries)  identified  for  the  purposes  of  the  Inventory. 

It  has  been  determined  that  the  experts  regard  the  general 
state  of  knowledge  to  range  between  fair  and  poor,  with  tropical  plant  life 
not  being  as  far  advanced  as  tropical  animal  life.  Their  consensus  is  that 
regionally,  the  plant  and  animal  life  of  Central  America  and  the  Caribbean 
are  best  known.  They  agree  that  the  plant  life  of  Brunei,  Ceylon,  Uganda, 
Ivory  Coast,  Mexico,  and  the  Congo  (B)  and  the  animal  life  of  East  Africa, 
Oceania,  Con^o  (B),  Ivory  Coast,  Liberia,  Malagasy,  Rhodesia,  Ceylon, 
India,  and  Malaysia  have  been  well- studied. 

Analysis  of  opinions  shows  that  none  of  the  experts  claim  to 
have  intimate  knowledge  of  plant  and  animal  life  throughout  the  humid 
tropics  and,  therefore,  in  keeping  with  accepted  scientific  ethics,  regard 
themselves  qualified  to  rate  only  those  areas  they  they  have  studied  directly 
or  in  connection  with  their  tropical  investigations. 

The  In\entory  shows  a  preponderance  of  literature  on  plant 
and  animal  life  of  Central  America,  South  America,  and  the  tribbean.  It 
appears,  as  the  experts  have  indicated,  that  these  are  areas  better  known 
than  those  of  other  parts  of  the  humid  tropics.  However,  the  state  of 
knowledge  of  some  of  the  other  regions  may  be  better  than  the  Inventory 


88 


science  services  division 


'  S«V' 


I 


shows  or  the  experts  can  certify.  American  participation  in  biologic  research 
in  the  humid  tropical  portions  of  the  western  hemisphere  accounts  for  greater 
familiarity  with  research  there  than  in  other  regions  and  for  greater  avail¬ 
ability  of  the  published  results.  Information  on  non-U.  S.  research  activity 
decreases  with  increase  in  the  amount  published  in  foreign  journals  and  books, 
despite  the  growth  of  international  abstracting  services  intended  to  over¬ 
come  this  obstacle. 


It  is  noted  also  that  local  experts  differ  with  those  consulted 
for  this  project.  For  example,  the  high  rating  given  to  knowledge  of  the 
animal  life  of  Rhodesia  must  be  balanced  against  the  opinion  of  scientists 
working  continuously  in  that  region,  who  enumerate  countless  gaps  in  knowledge. 
Similar  observations  were  made  on  the  opinions  of  American  observers  and 
local  experts  regarding  knowledge  of  the  plant  life  of  Southeast  Asia.  In 
general,  knowledge  of  plant  and  animal  life  of  the  humid  tropics  is  not  con- 
side  _ed  adequate. 

1.  Colwell's  Analysis  of  Information  Adequacy  (Plants) 

Professor  R.  N.  Colwell,  University  of  California,  has  sub¬ 
mitted  the  following  analysis  of  the  adequacy  of  information  available  on 
vegetation  of  the  humid  tropics: 


"Military  commanders  need  timely,  accurate,  detailed 
information  as  to  the  type  of  vegetation  that  is  present  in  each 
pari  of  an  area  within  which  they  plan  to  conduct  military  oper¬ 
ations.  Vegetation  maps  presently  available  for  humid  tropica)  I 

areas  -  however  detailed  and  accurate  they  may  be  -  usually  are 
of  only  limited  value  to  the  military  commander  for  two  reasons: 

(1)  the  vegetation  classes  shown  on  the  maps  are  not  the  ones  ■ 

which  will  best  satisfy  the  military  commander' s  needs,  and  ; 

(2)  in  the  humid  tropics,  vegetation  can  grow  more  rapidly  than 
anywhere  else  in  the  world,  often  causing  major  changes  in 
vegetation  types  to  occur  in  short,  periods  of  time  and  thereby 
inducing  early  obsolescence  of  the  maps.  Usually,  vegetational 
data  of  the  type  and  recency  that  will  suit  the  military  com¬ 
mander' s  needs  must  be  obtained  through  the  interpretation  of 
recently  flown  aerial  photographs.  Therefore,  it  is  pertinent 
to  ask:  '  To  what  extent  can  the  militarily  significant  vegetation 

types  of  the  humid  tropics  be  identified  on  aerial  photographs  * 

flown  to  the  proper  specifications?  '  } 

i 

"For  one  portion  of  the  humid  tropics,  namely  the  f 

tropical  Pacific  area,  an  authoritative  answer  to  this  question  * 

can  be  given  as  a  result  of  military  operations  conducted  there 
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during  World  War  II.  The  answer,  in  brief,  is  as  follows: 

The  militarily  significant  wildland  vegetation  types  of  the 
tropical  Pacific  area  can  be  consistently  identified  on  aerial 
photographs.  Vegetational  information  presently  available 
for  that  portion  of  the  humid  tropics  is  quite  adequate.  These 
statements  are  not  based  on  mere  conjecture;  they  are  both 
battlefield-tested  and  classroom-tested.  Some  amplification 
is  needed,  however,  before  we  can  determine  the  applicability 
of  these  statements  to  vegetation  of  the  humid  tropics  as 
a  whole. 


"In  the  early  stages  of  World  War  II,  several  groups 
sought  to  determine  what  were  the  militarily  significant 
wildland  vegetation  types  of  the  tropical  Pacific  area.  These 
groups  included  the  Allied  Geographical  Section,  Southwest 
Pacific  area;  the  U.S.  Navy  Photographic  Interpretation  Center; 
and  the  Military  Geology  Branch  of  the  U.S.  Geological  Survey. 

"They  recognized  that  vegetation  can  directly  affect 
the  conduct  of  military  operations  in  four  major  ways:  (i)  It 
may  facilitate  or  impede  the  movement  of  personnel  and 
mechanized  equipment;  (2)  it  may  accentuate  or  conceal  evi¬ 
dence  of  military  activity;  (3)  it  may  govern  the  ease  with  which 
clearings  can  be  made  for  the  construction  of  roads,  airfields 
and  other  military  facilities;  and  (4)  it  may  serve  as  a.  source  of 
fuel,  food  or  construction  materials.  In  addition,  they  recog¬ 
nized  that  vegetation  may  be  an  important  indicator  of  soil  type, 
soil  moisture  and  other  factors  which  also  affect  the  conduct  of 
military  operations.  Changes  since  Wrorld  War  II  in  types  of 
military  equipment  and  in  methods  of  fighting  wars  in  the  humid 
tropics  have  done  virtually  nothing  to  invalidate  these  basic 
premises. 


"After  many  months  of  concerted  effort  by  these  groups, 
(based  on  World  War  II  type  operations),  it  was  generally 
agreed  that  there  are  i2  and  only  12  wildland  vegetation 
types  in  the  tropical  Pacific  area  that  are  of  major 
military  significance.  These  are:  (1)  mangrove,  (2)  nipa  palm, 
(3)  sago  palm,  (4)  swamp  forest,  (5)  moss  forest,  (6)  rain  forest 
with  undergrowth,  (7)  rain  forest  without  undergrowth, 

(8)  casuarina,  (9)  wild  cane,  (10)  tall  grass,  (11)  short  grass, 
and  (12)  savanna.  Virtually  all  wildland  vegetation  found  in  the 
tropical  Pacific  falls  in  one  or  another  of  these  types. 

"Realizing  that  the  mapping  of  vegetation  types  in  areas 
of  contemplated  military  activity  ordinarily  would  have  to  be 
accomplished  through  the  interpretation  of  aerial  photographs. 
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these  investigative  groups  determined  the  aerial  photographic 
recognition  features  of  each  of  the  12  types.  The  recognition 
features  were  then  set  forth  in  the  form  of  either  'photointer¬ 
pretation  kevs 1  or  other  reference  material.  The  most 
extensively  used  ct  these  reference  materials  was  a  'dichotomous' 
(2-branchedl  photointerpretation  key  that  was  published,  together 
with  numerous  photographic  illustrations,  in  a  manual  entitled 
Pacific  Landforms  and  Vegetation  (U.S.  Navy  Photo  Interpre¬ 
tation  Report  No.  7).  57 

"The  accuracy  with  which  photointerpreters  equipped 
with  suitable  reference  materials  could  identify  the  12 
vegetation  types  was  tested  quite  thoroughly,  both  during  and 
after  World  War  II,  30  (A  report  on  one  such  series  of  tests 
appears  in  Photog rammed ric  Engineering,  1958).  These  tests 
showed  that  most  photointerpreters ,  after  a  suitable  period  of 
training,  could  consistently  identify  the  12  vegetation  types. 

Since  a  statement  of  the  military  significance  of  each  type  (in 
terms  of  the  four  previously  listed  criteria)  constituted  part  cf 
each  student' s  reference  material,  he  was  also  able  to  predict 
in  considerable  detail  the  conditions  which  military  units  would 
encounter  when  operating  in  each  area. 

"Additionally,  certain  military  commanders  operating 
in  the  tropical  Pacific  area  were  asked,  at  the  end  of  World  War 
IIj  to  assess  the  adequacy  of  the  vegetational  information  with 
which  they  had  been  provided.  Among  those  expressing  opinions 
were  Adm.  Frederick  J.  Turner  (who,  as  commander  of 
Amphibious  Forces  Pacific  Fleet  for  approximately  t  years, 
was  in  charge  of  all  amphibious  assault  landings  from  Tarawa 
through  Okina'  a)  and  Gen.  Simon  5.  Buckner,  w’hc  was  in 
charge  of  all  forces,  both  Army  and  Marine,  that  participated 
in  the  Okinawa  campaign.  A  typical  response  was  thut  of  Adm. 
Turner  who  stated:  'Aerial  photointerpretation  was  our  most 
important  source  of  information  in  the  Pacific  during  World 
War  II.  Its  importance  cannot  be  overemphasized.  *  5?  Both 
he  and  Gen.  Buckner,  as  well  as  several  other  military  com¬ 
manders,  specifically  mentioned  the  high  degree  of  accuracy 
and  great  value  of  the  vegetation  analyses  made  by  photointer¬ 
preters  in  the  tropical  Pacific  during  World  War  II. 

"In  the  light  of  what  has  just  been  stated  with  refer¬ 
ence  to  the  tropical  Pacific  area,  and  giving  due  consideration 
to  the  status  of  vegetational  information  elsewhere  in  the  humid 
tropics,  the  following  definitive  statements  can  be  mads: 
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(1)  In  one  portion  of  the  humid  tropics,  namely 

the  tropical  Pacific  area,  the  presently  avail¬ 
able  information  on  vegetation  is  quite  ade¬ 
quate  from  the  military  standpoint. 

{2)  In  all  other  portions  of  the  humid  tropics,  much 
vegetational  research  must  be  performed  before 
a  comparable  degree  of  adequacy  can  be 
achieved. 

(3)  In  any  given  portion  of  the  humid  tropics,  a 
logical  first  phase  of  this  research  should 
seek  to  determine  what  are  the  militarily  sig¬ 
nificant  vegetation  types  in  the  area. 

(4)  Since  the  mapping  of  vegetation  types  in  areas 
of  contemplated  military  activity  ordinarily 
must  be  accomplished  through  the  interpretation 
of  aerial  photographs,  a  second  phase  of  this 
research  should  seek  to  discover  the  consistently 
identifiable  aerial-photo-recognition  features  of 
each  type. 

(5)  A  third  phase  of  this  research  should  result  in 
the  compilation  of  reference  materials  which 
will  aid  photointerpreters  in  identifying  the 
vegetation  types.  One  product  of  this  research 
should  be  a  systematic  statement  (e.  g.  ,  in  the 
form  of  a  dichotomous  key)  of  the  photo-recog¬ 
nition  features  for  each  vegetation  type,  sup¬ 
plemented  with  numerous  photographic  illus¬ 
trations. 

(6)  A  final  ihase  of  this  research  should  entail  the 
making  of  operational  tests  of  two  types: 

(a)  tests  designed  to  determine  the  vegetational 
classification  from  the  standpoint  of  various 
military  commanders-(specifically ,  when  a 
potential  area  of  military  operations  is  sub¬ 
divided  in  accordance  with  the  classification 
system,  is  each  subdivision  a  truly  significant 
entitv  as  judged  by  the  previously  mentioned 
military  criteria?);  and  (b)  tests  designed  to 
determine  the  adequacy  of  the  reference  materials 
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from  the  standpoint  of  the  photointerpreters  * 

who  must  use  them.  An  important  aspect  of 

this  final  research  phase  will,  of  course,  be 

the  making  of  any  modifications  which  the 

operational  tests  of  type  (a)  and  (b)  above  show 

to  be  necessary.”* 

2.  Bennett's  Analysis  of  Information  Adequacy  (Animals) 

"Animal  geography  is  a  broad  and  wonderful  subject  which 
almost  defies  any  attempt  to  define  its  limits  and  contents.  Obviously  the 
subject  has  something  to  do  with  the  study  of  the  geographical  distribution  of 
animals  but  problems  arise  when  one  attempts  to  list  or  identify  the  many 
facets  which  relate  to  the  basic  aspects  of  the  disciplinary  area.  The  basic 
facts  of  where  individual  vertebrate  taxa  occur  on  this  earth  are  now  pretty 
well  known.  A  few  non- vertebrate  taxa  are  also  fairly  well  known  as  to  gross 
geographic  distributions,  bat  in  general  our  knowledge  here  is  far  from 
adequate.  (It  is  estimated,  for  example,  that  a  very  large  number  of  insects 
are  still  awaiting  discovery  and  identification).  Animal  geography  may 
therefore  be  said  to  be  largely  the  study  of  the  geographic  distribution  of 
vertebrates.  But  even  in  the  case  of  the  vertebrates,  our  knowledge  ca 
distribution  often  is  at  a  rather  gross  level.  For  example,  we  know  the 
gross  latitudinal  distribution  of  the  bat  genus  De smodus  (true  vampires)  but 
we  as  yet  have  very  poor  ideas  as  to  the  exact  niche  or  ecological  distribution 
of  this  interesting  chiropteran.  I  happened  to  pick  on  a  bat  but  this  comment 
might  be  extended  to  a  very  large  array  of  vertebrate  taxa.  Also,  we  have  very 
limited  ideas  or  information  regarding  the  autecology  and  synecology  of  the 
tropical  vertebrates.  Which  is  to  say  that  many  if  not  most  of  our  ideas 
regarding  why  cr  why  not  any  particular  vertebrate  taxon  disperses  are  based 
upon  untested  assumptions.  There  has  been  very  little  attempt  to  develop  what 
might  be  called  experimental  animal  geography  in  an  effort  to  test  some  of  the 
more  cherished  ideas  widely  held  about  animal  dispersal  now  and  in  the  past. 

"Unfortunately,  zoologists  do  not  (the  task  would  be  impossible) 
write  things  like  the  complete  fauna  of  Oz.  (Botanists  do  write  floras  on  entire 
political  states  or  large  regions  and  include  therein  all  the  known  plant  taxa,  cr 
at  least  all  the  known  members  of  the  higher  orders. )  So  one  cannot  look  for  the 
best  overall  treatment  of  animal  life  of  a  region  expecting  completeness.  It  is 
obvious  that  an  assessment  of  the  literature  regarding  the  fauna  of  a  particular 
region  cannot  be  made  on  an  across-the-board  basis.  It  is  necessary  to  decide 
on  some  one  (or  a  few)  facet(s)  of  the  gigantic  field  and  then  evaluate  the 
literature  in  those  terms.  "  ** 


*  Colwell,  Robert  N. ,  1965:  Personal  Communication  dated  October  8. 
*^BeRnett.  C.  F. ,  1966:  Personal  Communication  dated  March  27. 
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3.  Richards'  Analysis  of  Information  Adequacy  (Plants  and  Animals) 

Adequacy  from  the  purely  scientific  viewpoint  has  been 
expressed  by  Professor  P.  W.  Richards,  University  of  North  Wales: 

.  .  it  is  sometimes  said  that  the  biological  sciences  fall  into  two  groups: 
Tho^e  concerned  with  the  ways  in  which  living  organisms  differ  from  one 
another  and  those  concerned  with  the  ways  in  which  they  resemble  one 
another.  .  .  in  the  tropics,  it  is  the  first  group  of  biologies  which  are  most  in 
need  of  attention."  Richards  further  states: 

"The  ecosystems  of  the  tropics  are  very  complex  and 
it  is  not  surprising  that  we  know  very  little  about  them  as  sys¬ 
tems  in  which  energy  and  mineral  matter  circulate.  We  know 
enough  to  say  that  they  appear  to  differ  considerably  from  most 
temperate  ecosystems  and  that  if  we  understood  them  better  we 
should  be  further  towards  solving  such  pressing  practical  prob¬ 
lems  as  devising  really  permanent  and  satisfactory  agricultural 

systems  for  the  humid  tropics - we  need  to  know  more  about 

the  natural  ecosystems  of  the  tropics. 

"What  then  are  the  fields  for  tropical  biology  that  claim 
immediate  attention?  In  the  first  place  the  study  of  the  plants 
and  animals  themselves.  All  such  work  must  begin  with  names 
and  classification,  which  is  the  task  of  the  taxonomist.  It  is 
difficult  to  generalize  about  the  present  state  of  the  taxonomy 
of  trcpical  animals  and  plants  because  the  position  is  so  dif¬ 
ferent  in  different  groups  and  in  different  parts  of  the  tropics.  .  . 
Plant  taxonomy  in  the  tropics  as  a  whole  is  probably  rather 
more  advanced  than  animal  taxonomy  partly  because  the  number 
of  species  to  be  dealt  with  is  smaller,  but  because  it  is  often 
possible  to  give  a  name  to  most  of  the  (higher)  plants  one  finds, 
one  should  not  assume  that  the  taxor^mist'  s  task  is  completed, . . 

"Knowledge  of  the  biology.  .  .  of  a  large  number  of 
plant  and  animal  species  is  required  if  we  are  to  understand 
the  problems  of  evolution  in  the  tropics.  .  .  we  need  not  only  the 
kind  of  general  biological  information.  .  .  but  also  cyto-genetical 
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information  which  at  present  is  available  for  very  few  tropical 
species.  .  .until  something  is  known  about  the  nature,  rate  and 
direction  of  evolutionary  processes  in  the  tropical  rain  forest, 
in  which  many  plant  and  animal  lineages  are  believed  to  have 
originated,  our  picture  of  organic  evolution  on  a  world  scale 
is  bound  to  be  misleading.  To  fill  this  gap  requires  the  cooper¬ 
ation  of  taxonomists,  cytologists,  geneticists  and  ecologists. 
When  we  turn  from  the  study  of  individual  species  and  the 
evolutionary  problems  arising  from  it,  to  the  study  of  plants 
and  animals  in  relation  to  the  tropical  environment,  that  is  to 
study  of  tropical  ecosystems  as  going  concerns,  we  enter  a 
field  which  is  so  extensive  and  as  yet  so  inadequately  explored 
that  it  is  difficult  to  know  what  can  be  usefully  said  about  it  in 
such  a  short  article.  .  . 

‘'The  amount  of  work  which  has  been  done  on  different 
branches  of  tropical  biology  has  depended,  not  on  the  intrinsic 
scientific  interest  or  long-term  importance  of  particular  fields 
or  problems,  but  on  whether  they  seemed  to  have  a  bearing  on 
some  question  of  urgent  economic  importance.  .  .  the  history  of 
science  shows  that  the  direct  pursuit  of  practical  objectives 
is  not  always  the  most  successful  way  of  solving  practical 
problems;  it  is  hardly  necessary  to  repeat  here  examples  of 
scientific  researches  undertaken  for  no  reason  other  than 
intellectual  curiosity  and  scientific  interest  which  have  pro¬ 
duced  results  of  enormous  material  benefit  to  mankind.  .  .  If 
more  man  power  and  money  is  to  be  allotted  to  tropical  biology 
than  in  the  past,  a  sizable  part  of  the  effort  should  be  devoted 
to. .  .  fundamental  biological  problems.  "59 

F.  REVIEW  OF  PRINCIPAL  DEFICIENCIES 

Primary  contributing  factors  to  the  overall  deficiency  of 
tropical  biological  and  zoological  research  include  the  lack  of: 

•  Field  stations  or  simple  field  laboratories  with  small 
permanent  staffs  located  in  the  tropics 

•  Data  center  z-i-  central  locations  for  collection  and 
dissemination  of  information 

•  Preservation  of  native  environments  suitable  for 
field  studies 

•  Standard  methods,  techniques  and  nomenclature  where 
controversies  over  these  factors  inhibit  cooperative 
effort 
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•  A  training  facility  to  develop  tropical  specialists 

•  Textbooks  which  include  information  concerning  humid 
tropic  phenomena 

•  Nature  guides  for  identification  of  plants  and  animals 

An  example  of  the  above  deficiencies  may  be  seen  in  the  United 
States  where  there  is  no  single  college  or  university  offering  a  major  in 
tropical  forestry. 

G.  DESIRABLE  OBJECTIVES 

Opinions  of  the  various  authorities  were  considered  in  a  sum¬ 
mation  of  recommendations  of  the  Neotropical  Botany  Conference  held  in  July 
1962  at  The  Imperial  College  of  Tropical  Agriculture,  Trinidad.  These  recom¬ 
mendations  included  the  following: 

"1.  That  encouragement,  guidance  and  support  be  given 
to  the  preparation  of  monographic  and  revisionary  studies  on 
both  generic  and  familial  levels  and  to  publication  thereon. 

"2.  That  encouragement,  guidance  and  support  be  given 
to  preparation  of  floras  of  local,  national,  and  natural  physio¬ 
graphic  or  phytogeographic  areas,  and  to  publication  thereon. 

"3.  That  encouragement,  guidance  and  support  be  given 
to  the  development  of  simultaneous  and  ;oordinated  programmes 
to  effect  systematic  inventory  of  natural  plant  resources  and 
vegetation  by  field  exploration,  especially  giving  attention  to 
proper  geographic  distribution  of  such  activity. 

”4.  That  encouragement,  guidance  and  support  be  given 
to  the  maintenance  and  preservation  of  existing  herbaria  having 
an  interest  in  or  dealing  with  neotropical  floras,  and  their 
records  and  supporting  libraries.  "5' 

The  majority  ~>{  those  convened  at  Trinidad  were  plant  taxo¬ 
nomists  and  therefore  the  recommendations  stress  needs  for  taxonomic  ^ 
research.  Other  biological  work,  of  course,  has  further  requirements. 

P.  W.  Richards  places  a  considerable  emphasis  on  well 
equipped  field  laboratories  and  conservation  of  nature  reserves.  61 

The  Kandy  Symposium  emphasized  library  and  bibliographic 
facilities,  nature  reserves,  botanical  institutions,  mapping,  cytological 
surveys  of  flora,  a  i  overall  classification  of  tropical  vegetation  on  a 
structural  basis,  taxonomic  studies  of  tropical  floras,  and  glossaries  of 
ecological  terms.  ^ 
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A  sampling  of  the  opinions  of  the  scientific  community  indi¬ 
cate  the  following  are  desirable  objectives: 


•  Conservation  of  natural  areas  and  maintenance  of 
natural  environments,  their  plant  cover  and  animal 
life;  development  of  a  plan  of  availability  of  these 
areas  and  environments  for  investigators  interested 
in  field  studies  (i.  e.  ,  Barro  Colorado  Island) 

•  Facilitating  of  information  exchange  between  major 
research  centers  and  the  support  of  regional  scientific 
information  centers  (e.  g.  ,  Pacific  Scientific  Information 
Center,  B.  P.  Bishop  Museum,  Honolulu,  Hawaii) 

•  Addition  of  an  education  or  training  component  to 
biological  research  projects  now  being  carried  cut  in 
the  tropics  to  develop  trained  manpower 

•  Improvement  of  existing  research  facilities  in  the 
tropics  (e.  g.  ,  U.  S.  Army  Tropic  Test  Command  Center) 

•  Sponsoring  of  conferences  and  small  working  parties 
for  actively  working  scientists  who  need  to  meet  and 
discuss  well-defined  problems 

•  Application  of  some  coordinating  plan  should  be  applied 
to  research  and  development  activities  of  the  U.  S. 
government  (all  agencies)  to  prevent  duplication  of 
effort 

•  Development  of  more  regional  floras  such  as  Flora 
Neotropica  and  Flora  Malesiana 

•  Making  of  a  worldwide  map  inventory  and  development 
of  a  program  to  fill  in  gaps  where  necessary  to  mak<. 
vegetation  maps  available  for  the  humid  tropic  areas 

•  Standardization  of  nomenclature  on  vegetation  types, 
etc.  should  be  attempted  to  permit  agreement  on  terms 
and  concepts  applied  to  the  scientific  disciplines 

•  Production  of  textbooks  which  treat  the  plants  and 
animals  of  the  tropics  from  a  tropical  viewpoint  instead 
of  a  midlatitude  viewpoint 
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H.  RECOMMENDATIONS  FOR  ACHIEVING  OBJECTIVES 


In  general  the  most  practical  method  of  achieving  the  objec¬ 
tives  cited  in  the  preceding  section  and  of  raising  the  level  of  research  on 
tropical  plants  and  animals  is  to  continue  and  expand  certain  existing  faci¬ 
lities  and  programs. 

P.  C.  Ritterbush  and  W.  W.  Warner  of  the  Smithsonian 
Institution  in  their  "Recommendation  for  a  National  Program"  support  the 
following  scheme  for  the  new  world  tropics: 


<s 


* :  Re  com mendations 

4,\.  Wild  areas  of  meaningful  size  must  be  established  to  preserve 
rep  jsentative  communities  of  organisms  under  conditions  suitable  for 
study  throughout  the  future.  In  many  cases  national  park  status  will 
be  required  for  effective  protection. 

”2.  The  exchange  of  information  about  research  plans  and  institu¬ 
tional  development  should  be  stepped  up.  The  Smithsonian  Institute 
should  prepare  a  revised  list  of  investigators  and  institutions  for' 
publication  by  the  Association  of  Tropical  Biology.  Information  about 
proposed  expeditions  should  be  freely  circulated  to  enable  scientists 
to  arrange  for  the  collection  of  materials  or  to  request  permission  to 
accompany  parties  to  areas  of  interest.  It  is  expected  that  information 
about  study  facilities  may  lead  more  workers  to  undertake  investi¬ 
gations  in  the  tropics  for  the  first  time.  Efforts  should  be  made  to 
break  through  barriers  insulating  applied  from  basic  research  and 
vice  versa.  Anthropology  and  ancillary  sciences  of  man  should  be 
included. 

"3.  Efforts  should  be  made  to  add  an  education  or  training  com¬ 
ponent  to  much  biological  research  in  the  tropics:  to  establish 
student  positions  at  research  facilities  and  vacancies  for  students 
in  field  parties.  Only  in  this  way  can  serious  shortages  in  trained 
manpower  be  overcome. 

"4.  There  should  be  restraint  m  setting  up  nev  research  centers, 
especially  in  environments  where  these  dready  ecist  or  for  functions 
already  assumed  by  others,  so  that  the  existing  network  of  institutions 
may  be  better  developed.  All  organizations  supporting  or  performing 
.“search  in  the  tropics  should  provide  small  equipment,  library,  or 
facility  grants  to  host  institutions  chosen  by  their  grantees  or  personnel. 

"5.  Support  should  be  made  available  for  small  problem-oriented 
conferences  enabling  biologists  more  effectively  to  focus  their  plans. 
These  should  in  the  main  be  held  at  tropical  research  centers,  as  one 
means  of  recognizing  their  work,  publicizing  their  objectives  and 
facilities,  exposing  biologists  to  tropical  environments,  and  stimu¬ 
lating  the  host  institution. 
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"6.  Where  positions  for  basic  research  scientists  do  not  yet 
exist  in  host  countries  these  should  be  financed  by  outside  agencies, 
perhaps  for  a  renewable  term  of  years,  but  always  in  cooperation 
with  a  host  institution.  The  ultimate  intention  of  such  sponsorship 
would  be  to  develop  staffs  capable  of  operating  university  depart¬ 
ments  of  larger  research  organizations  than  exist  at  present. 

"7.  Assistance  should  be  given  for  the  development  of  ten  regional 
libraries  and  biological  data  centers  in  Latin  America  at  a  suitable 
number  of  central  locations  where  strong  institutions  already  exist. 
These  will  be  a  means  of  institutional  development  and  information 
exchange.  A  possible  list  of  centers  follows: 


(1)  Amazonian  Brazil 

Belem,  Brazil 

(2)  Peru 

iquitos 

(3)  Colombia  and  Ecuador 

Bogota  or  Cali 

(4)  Venezuela 

Caracas 

(5)  Panama 

Panama  City 

(6)  El  Salvador,  Costa  Rica, 

Honduras,  Nicaragua, 

San  Jose,  Costa  Rica 

Guatemala 

(7)  Mexico 

Mexico  City 

(8)  Western  Caribb^n 

Kingston,  Jamaica 

(9)  Southern  Caribbean 

St.  Augustine,  Trinidad 

(10)  Northern  Caribbean 

Puerto  Rico 

"In  each  case  a  suitable  nucleus  exists,  where  inexpensive 
catalogue  and  reprint  exchange  arrangements  could  make  tangible 
contributions  to  research.  " 

The  following  recommendations  refer  both  to  general  and 
specific  objectives: 

•  Recommendation  No.  1 

Effort  should  be  concentrated  on  regional  floras  such  as 
Flora  Neotropica  and  Flora  Malesiana,  especially  for  Africa  and  South 

Asia. 

•  Recommendation  No.  2 

The  U.S.  Army  Tropic  Test  Command  Center  is  recommended 
as  a  possible  mechanism  to  facilitate  an  increased  research  effort  specifically 
oriented  to  the  analysis  of  the  effects  of  various  biological  parameters  on 
military  operations,  equipment  and  personnel.  Specifically,  field  research  and 
testing  facilities  need  to  be  increased.  This  expansion  would  permit  an  increased 
number  of  research  projects,  including  those  of  an  experimental  nature  to  be  carried 
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out  under  the  diverse  ecological  conditions  that  are  present  in  this  rela¬ 
tively  small  area.  These  steps  would  speed  the  development  of  new 
techniques,  designs  and  specification  for  equipment  to  be  employed  in  humid 
tropical  areas  in  order  to  further  this  region' s  biological  investigations. 

•  Recommendation  No.  3 

Symposia  on  tropical  biological  sciences,  similar  to  those 
sponsored  by  UNESCO  at  Kandy  and  Dacca  or  the  Neotropical  Botany  Confer¬ 
ence  sponsored  by  the  Association  for  Tropical  Biology,  Trinidad,  should  be 
supported  to  bring  together  research  specialists  for  communication  of  ideas, 
theories,  techniques,  and  problems. 

•  Recommendation  No.  4 


I 


The  following  research  projects  should  be  given  priority  for 
future  support  since  they  constitute  urgent  and  basic  needs.  Support  should 
be  ^>n  a  long-range  basis  (5-10  years). 

•  Studies  directed  toward  the  determination  of  the  most 
acceptable  method  for  the  classification  of  vegetation 
types 

•  Research  on  the  nitrogen  cycle  and  nitrogen  fixation 
as  applied  to  tropical  plants 

•  An  appraisal  of  the  significance  of  tropical  floras  and 
faunas  in  the  evolution  of  the  plant  and  animal  life  on 
the  earth. 

•  Establishment  of  an  Institute  for  Research  on  Tropical 
Drug  Flants 

•  Research  directed  toward  the  upgrading  of  various 
breeds  of  domesticated  animals 

•  An  inquiry  into  the  effects  of  near-ground,  micro- 
climatological  factors  on  tropical  floras  and  faunas 

•  Research  to  determine  the  significance  of  natural 
barriers,  i.  e.  ,  mountain  ranges,  lakes,  etc.,  on  the 
distribution  of  various  plant  and  animal  species 

•  Study  of  the  factors  which  determine  tropical  ecological 
succession 
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•  Development  of  keys  permitting  field  identification 
of  species  types,  eliminating  the  need  for  fertile 
specimen  sample  submission  to  distant  herbaria 

•  An  evaluation  of  capabilities  of  remote  sensing  tech¬ 
niques  when  applied  to  the  description  and  evaluation 
of  tropical  ecology 

•  Research  on  the  military  significance  of  various 
ecological  sites  encountered  in  the  tropics 

•  An  appraisal  of  the  impact  of  man’ s  activity  (e.  g, 
burning)  on  tropical  flora 

•  An  investigation  into  the  salt  tolerance  of  plants  that 
grow  in  tropical  deltas  or  that  might  be  grown  there 

•  Immediate,  detailed  floristic  and  vegetational  surveys 
should  be  made  of  all  tropical  delta  areas  that  still 
retain  natural  vegetation,  since  such  vegetation  is 
disappearing  or  changing  rapidly 

•  Establishment  of  tropical  delta  reserve  or  refuge 
areas  to  provide  natural  unexploited  areas  for  future 
study  of  animals 

Recommendation  No.  5 


Reference  to  the  body  of  this  report  will  show  that  the  areas 
for  which  data  are  particularly  scarce,  of  limited  areal  coverage  and/or 
lacking  in  qualitative  substance  are  those  listed  below.  It  is  recommended 
that  these  areas  be  given  special  attention  in  any  research  planning. 

Area  Vegetation  Studies 

Caribbean  Islands  (especially  Barbados,  Dominica,  Dominican 
Republic,  Jamaica,  Margarita,  Martinique,  St.  Lucia  and  St. 
Vincent  Islands) 

Central  America  (especially  British  Honduras  and  Panama) 
Bolivia,  Ecuador,  Paraguay,  and  Peru 
Amazon  Basin  and  French  Guiana 


West  Africa  (especially  Dahomey,  Fernando  P6o,  Gambia,  Fr. 
Guinea,  Liberia,  Portuguese  Guinea,  Senegal,  Sierra  Leone, 
and  Togo) 


n 


101 


■clone*  urvicat  division 


* 

f  * 
l 


Central  Africa  (especially  Angola,  Burundi,  Cabinda,  Central 
African  Republic,  Chad,  Fr.  Congo,  Gabon,  and  Rwanda)  and 
the  islands  of  Zanzibar,  Pemba  and  the  Comores 

South  Asia  (especially  Cambodia,  Laos,  E.  Pakistan,  Taiwan, 

North  and  South  Vietnam,  and  the  Andaman  and  Nicobar  Islands 

Oceania  (especially  Borneo,  Brunei,  New  Caledonia,  New 
Hebrides,  North  Borneo,  Palau,  Papua,  Ryukyu  Islands,  Sarawak, 
Solomon  Islands  and  Timor) 

Area  Animal  Life  Studies 

Caribbean  Islands  (especially  Barbados,  Cuba,  Dominica, 
Guadeloupe,  Hispaniola,  Jamaica,  Margarita,  Martinique, 

Puerto  Rico,  Trinidad,  and  Tobago) 

Central  America  (especially  British  Honduras,  El  Salvador, 
Nicaragua,  and  Panama) 

Bolivia,  Colombia,  Paraguay,  and  Peru 

East  Africa  (especially  Tanganyika,  Mozambique,  Comores, 

Sudan,  Zanzibar,  and  Pemba  Islands) 

West  Africa  (especially  Cabinda,  Dahomey,  Fernando  Pdo, 

Gambia,  Fr.  Guinea,  Ivory  Coast,  Liberia,  Port.  Guinea,  Rio 
Muni,  Senegal,  Sierra  Leone,  and  Togo) 

Central  Africa  (especially  Burundi,  Central  African  Republic, 

Chad,  Gabon,  Rwanda,  and  Southern  Rhodesia) 

South  Asia  (especially  the  Andaman  Islands,  Cambodia,  Laos, 
Nicobar  Islands,  E.  Pakistan,  North  and  South  Vietnam 

Oceania  (especially  Brunei,  Fiji,  New  Caledonia,  New  Hebrides, 
North  Borneo,  Palau,  Papua,  Ryukyu,  Sarawak,  Solomon 
Islands,  and  Timor) 
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CHAPTER  IV 


WEATHER  AND  CLIMATE* 


A.  INTRODUCTION 

Within  the  atmospheric  sciences,  research  in  tropical  weather 
and  climates  has  been  relegated  to  a  relatively  minor  role.  Meteorological 
data  and  processing  facilities  are  limited  in  many  humid  tropic  countries, 
with  available  data  subject  to  error  and  in  many  cases  incomplete.  These 
conditions  accompanied  by  an  acute  shortage  of  funds  have  hindered  a 
thorough  research  effort. 

Much  of  the  early  work  of  collecting  data  and  analyzing  results 
was  in  connection  with  the  colonization  activities  of  England,  France,  Germany, 
Belgium,  Portugal,  and  the  Netherlands  and  is  reflected  in  established  meteo¬ 
rological  facilities  and  documented  data  extending  back  many  years.  The 
majority  of  these  facilities  were  established  around  centers  of  transportation, 
agriculture  and  industry. 

During  and  since  World  War  II,  renewed  interest  in  the  humid 
tropics  has  resulted  in  some  basic  and  applied  research,  establishment  of  new 
meteorological  stations  ana  the  processing  of  available  data  into  depositories 
of  sponsoring  nations.  Largely,  this  has  been  an  uncoordinated  effort  insti¬ 
gated  by  the  immediate  necessities  of  transportation,  industry  and  military 
operations.  Research  has  been  sporadic,  and  observing  facilities  have  been 
established  with  ir.adequate  instrumentation,  personnel  and  communications. 

During  the  la  t  10  years,  the  excellent  work  of  the  World 
Meteorological  Organization  and  committees  of  the  United  Nations,  as  well 
as  coordinated  research  sponsored  by  extratropical  nations  such  as  the  United 
States  and  Great  Britain,  has  been  reflected  in  increased  regional  planning, 
standardization  of  equipment  and  procedures,  and  monetary  assistance.  Within 
the  humid  tropics,  the  East  African  Meteorological  Service,  the  Meteorologi¬ 
cal  Service  of  India  and  the  Malayan  Meteorological  Service,  to  name  a  few, 
have  contributed  to  this  renewed  interest  in  solving  the  problems  of  meteo¬ 
rology  in  the  tropics. 


*Dr.  Harry  P.  Bailey  (University  of  California,  Riverside).  Dr.  Charles  F. 
Bennett  Jr.  (University  of  California,  Los  Angeles)  and  Prof.  Benjamin  J. 
Gamier  (McGill  University),  acting  as  consultants  to  Texas  Instruments  for 
this  program,  have  critically  reviewed  this  chapter  in  its  draft  stages. 
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1.  Topical  Fields  and  Elements 

The  following  fields  and  elements  of  weather  and  climate  were 
selected  by  the  Army  Research  Office  for  consideration  m  this  inventory: 

•  Availability  and  Adequacy  of  Weather  and 
Climatic  Data 

•  Climatic  Regions  and  Types 

•  Tropical  Storms 

•  Microclimatology 

•  Mesometeorology  (subjects  between  2  and  400  mi  in  dia) 

•  Solar  Radiation  and  Upper-Level  Circulation 


i 


Factors  composing  each  element,  which  are  considered  rele¬ 
vant  to  the  purposes  of  the  inventory,  are 

•  Availability  and  Adequacy  of  Weather  and  Climatic  Data 

(1)  Current  status  and  listing  of  weather  services 

(2)  Extent  of  weather  networks:  surface  and  upper  air 

(3)  Quality  of  services 

(4)  Tropical  forecasting  techniques 

(5)  Tropical  meteorology 

•  Climatic  Regions  and  Types 

(1)  Degree  of  detail  and  adequacy  of  present  identifications 

(2)  Availability  of  climatic  data 

(3)  Techniques  used  in  classifications 

•  Tropical  Storms 

(1)  Tropical  cyclones,  hurricanes  and  typhoons,  data  on: 

—  distribution  and  occurrence 

—  dynamics 

—  effects 

—  forecasting 

(2)  Thunderstorms  and  lesser  storms 

•  Microclimatolcgy 

Within  various  tropical  regional  types,  the  measurement  of 
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( 1 )  De  w 

(2)  Air  movement 

(3)  Precipitation 

(4)  Temperatures 

(5)  Illumination 

(6)  Solar  radiation,  etc. 

2.  Limitations 


The  topical  elements  of  weather  ana  climate  are  in  the  fields  of 
interest  of  several  sciences.  Weather  falls  mainly  in  the  provinces  of  meteo¬ 
rology  and  atmospheric  physics,  and  climatology  comes  within  the  disciplines 
of  geography  and  meteorology. 

Knowledge  of  WEATHER  and  CLIMATE  as  defined  in  this 
Inventory  does  not  exhaust  the  full  scope  of  these  scientific  and  technical 
fields.  Thus,  specialists  in  any  of  them  will  recognize  that  (1)  the  Inventory 
is  limited  to  those  elements  and  factors  enumerated  here  and  that  (2)  other 
areas  of  investigation  in  these  fields  in  the  humid  tropics  are  disregarded 
intentionally  or  considered  incidentally. 

The  specifications  for  the  inventory  have  necessitated  some 
arbitrary  decisions  with  respect  to  classification  of  information  and  discus¬ 
sion  of  its  significance.  For  example,  information  on  meteorologic  investi¬ 
gations  in  conjunction  with  hydrologic  research  can  be  found  in  the  chapter  on 
PHYSICAL  FEATURES. 

3.  Value  of  Research 

Weather  and  climate  are  the  two  most  signuicant  environmental 
factors  affecting  man's  activity.  They  influence  his  clothing,  housing,  food, 
work,  transportation,  and  communication.  Knowledge  of  climatic  conditions 
of  an  area  allows  man  to  design  or  adapt  his  activities  to  meet  weather 
extremes. 

a.  Value  to  the  Military 

Knowledge  of  local  weather  is  vital  to  the  planning  of  military 
operations  since  they  are  particularly  suscepv.cle  to  the  weather  effects. 
Moderate  and  heavy  rains  reduce  the  effectiveness  of  infantry,  ground  vehi¬ 
cles  and  airborne  equipment.  Floods  increase  military  engineering  problems. 
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Fog  and  blowing  dust  or  sand  hinder  mobility  and  curtail  local  surveillance 
and  reconnaissance  capabilities  of  field  units  and  airborne  operations. 

Sc  ere  storms  are  often  disastrous  to  amphibious  operations.  For  exam¬ 
ple,  on  the  average,  20  typhoons  a  year  affect  the  Philippine  Islands;  these 
commonly  occur  between  August  and  November.  Knowledge  o'  the  nature  and 
occurrence  of  these  phenomena  is  essential  in  planning  operations. 

Logistical  planning  such  as  selecting  clothing,  storage 
methods,  equipment  design,  transportation,  communications,  and  housing 
must  take  climatic  phenomena  into  account  or  face  a  decline  in  operational 
effectiveness  of  both  men  and  materials.  High  relative  humidity  can  be  dam¬ 
aging  to  delicate  electronic  equipment  so  these  devices  must  be  protected. 
Organic  materials  are  subject  to  swelling  and  attack  by  microorganisms  in 
hot,  moist  climates.  Storage  or  operation  of  machinery  in  areas  of  heavy 
rainfall  can  be  a  severe  problem. 

Forecasts  of  atmospheric  phenomena  are  of  great  importance 
to  the  military  commander  in  the  field.  The  existence  of  good  climatological 
histories  and  an  understanding  of  the  cause  and  effect  of  atmospheric  phe¬ 
nomena  in  a  particular  area  will  aid  forecasting. 

b.  Value  to  Civ;iian  Affairs 

Weather  and  climatic  information  is  utilized  in  the  design 
and  construction  of  facilities,  transportation  networks  and  industrial  com¬ 
plexes.  Utilization  of  rainfall  records  in  tropical  areas  where  the  rainfall 
may  vary  markedly  from  country  to  country,  or  between  windward  and  lee¬ 
ward  sides  of  mountains,  can  expedite  selection  of  the  best  location  for  mul¬ 
tipurpose  hydroelect ric  projects.  Roads  can  be  designed  and  built  to  with¬ 
stand  the  torrential  downpours  occurring  in  tropical  areas  if  there  are  avail¬ 
able  data  on  precipitation  characteristics.  Industrial  complexes  require 
weather  information  in  order  to  design  systems  for  disposing  of  atmospheric 
wastes  and  to  reduce  or  eliminate  air  pollution  problems. 

A.gricultural  development  also  benefits  from  climatic  studies 
and  research.  One  study  of  the  rainfall  of  Java  lists  40  distinct  types  of 
rainfall  based  on  amount  and  annual  distribution.  ^  In  this  locale,  where  even 
a  short  period  of  drought  at  a  critical  time  will  result  in  crop  failure,  detailed 
climatic  data  can  aid  the  local  agronomist  in  selection  of  crops  and  cultivation 
methods.  Other  significant  problems,  the  solution  of  which  may  be  assisted 
by  atmospheric  research,  include  local  needs  for  amenities  and  comfort  pro¬ 
vided  by  airconditioning  systems,  reduction  of  property  losses  in  times  of 
flooding  or  hurricane  destruction  and  loss  of  life  in  severe  storms  or  during 
periods  of  drought. 


i  12 


scionco  Mnr;e*s  division 


3.  STATUS  AND  SIGNIFICANCE  OF  RESEARCH 


Meteorological  and  climatological  research  in  the  humid 
tropics  has  undergone  a  period  oi'  renewed  interest  and  activity  in  the  last 
15  years.  The  history  and  evaluation  of  this  development  can  be  considered 
from  the  standpoint  of  both  military  and  nonmilitary  significance  and  poten¬ 
tial  applications. 

1.  Historical  Notes  on  Development  of  Knowledge 

Research  on  weather  and  climate  of  the  humid  tropics  falls 
far  short  of  research  in  other  geographic  regions,  particularly  the  midlati¬ 
tudes,  despite  the  recognized  interaction  of  tropical  weather  with  weather  of 
the  rest  of  the  world.  This  condition  is  the  result  of  social,  economic  and 
political  factors  shaping  world  history  and  economic  development. 

The  earliest  recorded  tropical  atmospheric  investigations 
occurred  during  the  17th  and  18i.h  centuries  and  was  related  to  certain  Portu¬ 
guese,  Dutch,  French,  and  English  shipping  lanes  along  the  coasts  of  the 
humid  tropics.  Of  particular  importance  to  pioneer  research  on  the  humid 
tropics  were  the  atmospheric  circulation  studies  of  George  Hadley  in  the  early 
18th  century  and  the  Asian  and  Latin  American  meteorological  work  of  Alex¬ 
ander  von  Humboldt  in  the  early  19th  century.2  During  his  field  studies  in 
the  tropical  mountains,  von  Humboldt  devised  methods  of  measuring  the  tem¬ 
perature  at  difierent  elevations  and,  for  the  first  time,  used  isotherms  to 
show  temperature  differences  on  a  map.  Von  Humboldt  emphasized  climate 
as  directly  perceived  by  man's  senses  and  initially  stressed  the  thermal 
connotation  of  the  phrase  "tropical  climates." 

In  1887,  Julius  Hann,  the  founder  of  20th  century  climatology, 
in  noting  the  then  current  emphasis  upon  the  importance  of  the  thermal  aspects 
of  tropical  climates,  stressed  the  importance  of  the  study  of  "distribution  of 
the  total  intensity  of  solar  radiation."^ 

Koppen's  climatic  classifications  influenced  regional  studies 
for  a  time.  Some  critics,  as  represented  by  Thornthwaite,  have  discouraged 
use  of  the  classifications  while  others,  e.  g.  ,  Blumenstock,  have  supported 
their  use.  These  classifications  in  themselves  have  been  of  minimal  research 
value,  but  the  regional  climatologic  contributions  of  K.  Sapper,  R.  DeCourcy 
Ward  and  C.F.  Brooks  to  Koppen-Geiger' s  Hanabuch  der  Klimatologie^  are 
important. 


C.  W.  Thornthwaite' s  theories  of  evapotranspiration  ana  cli¬ 
matic  classifications  have  influenced  African  and  Indian  climatic  studies  and 
are  being  used  for  regional  climatic  studies  and  mapping  in  Mexico. 
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H.  von  Wissmann  has  defined  the  boundary  of  tropical  climates 
with  the  13.5°C  isotherm  of  the  coldest  month  and  by  the  front  limit.  6  This 
well-proved  opinion  of  delimitation  continues  the  work  of  earlier  classifiers 
who  have  defined  the  boundary  between  tropical  and  extratropical  climates  m 
terms  of  either  the  mean  annual  temperature  or  the  mean  temperature  of  the 
coldest  month.  For  example,  the  following  boundaries  are  based  on  mean 
annual  temperature:  20°C  (68 ''F),  de  Candolle;  23cC  (73.4°F),  Ravenstein; 
20°C  (68  °F),  de  Martonne;  20°C  (68°F);  21.  1°C  (70°F).  Miller;  and 
2  3.  7  v  C  (74.  7  ~ F),  Thornthwaite.  On  the  basis  of  coldest  -  month  mean  tempera  - 
ture:  the  tropical  boundary  was  set  at  20°C  (68  °F)  by  Phillipson,  at  21 ''C 
(69.8'F)  by  Gorzynski  and,  of  course,  at  18°C  (64.4~F)  by  Koppen.o 

Wilhelm  Lauer's  tropical  climatic  studies  have  advanced  the 
theory  of  wet  and  dry  ratios  for  delimiting  major  vegetation  regions  in  trop¬ 
ical  areas.  ?  Lauer's  results,  based  on  the  comparison  of  about  4000  climato¬ 
logical  stations  with  their  vegetation  types,  are  established  by  calculating  the 
duration  of  humid  and  arid  climatic  conditions.  This  seems  to  be  the  decisive 
factor  for  plant  life  in  the  different  climatic  vegetation  belts  between  the  trop¬ 
ical  rain  forests  and  tropical  desert. 

Classifications  of  climates  on  an  ecological  basis  by  C.  Troll,  ® 
and  D.  I.  Blumenstock's  ^  theories  of  distribution  and  classification  of  tropical 
climates  are  significant  modern  advances  in  the  understanding  of  the  climate 
of  the  humid  tropics. 

Visher's  pioneering  investigations  in  tropical  cyclones  of  the 
Pacific  during  the  20's,<*  studies  by  H.  Regula  in  Africa,***  an<j  Dunn’s  investi¬ 
gations  of  cyclogenesis  m  the  tropical  Atlantic**  led  to  the  concept  of  easterly 
waves  developed  by  Riehl  in  1945-  *^  During  the  30's,  significant  atmospheric 
research  was  performed  by  Depperman  in  the  Philippines.  *3  In  1932,  Brooks 
and  Mirrlees  published  a  significant  study  dealing  with  atmospheric  circulation 
over  trop.-al  Africa.  *^  The  pioneer  Atlas  of  the  Oceans  issued  by  the  U.  S. 
Weather  Bureau  in  1938  allowed  W..  C.  Jacobs,  following  the  methods  of  H. 
Sverdrup,  to  estimate  evaporat'on  from  most  of  the  surface  of  the  oceans. 

C.  E.:  Palmer's  evaluation  of  the  field  of  tropical  meteorology 
appearing  in  the  Compendium  of  Meteorology  1950  and  Riehl's  T ropical 
Meteorology  *  are  works  which  resul'ed  from  United  States  Government 
support.  Both  are  widely  accepted  as  significant.  The  Army  Signal  Corps, 
USAF  Air  Weather  Service,  Geophysics  Research  Directorate  of  Air  Force 
Cambridge  Research  Laboratory,  the  U.S.  Navy's  Fleet  Weather  Facilities 
and  Office  of  Naval  Research,  as  well  as  groups  within  the  United  States 
Weather  Bureau,  were  among  the  supporting  agencies.  *** 

The  study  of  regional  weather  and  climate  on  a  global  basis 
was  undeveloped  in  the  United  States  prior  to  World  War  II.  During  the 
war.  this  country's  military  activities  in  the  Asian  and  African  campaigns 
and  in  the  South  Pacific  pointed  up  the  lack  of  atmospheric  research.  The 
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Naval  Air  Pilot  Studios  performed  by  the  U.  S.:  Weather  Bureau  for  the  U.  S. 
Navy  Hydrographic  Office  during  the  war  are  examples  of  the  work  produced. 


Followir.,  the  war,  various  agencies  of  the  U.S.  Department 
of  Defense  promoted  interest  in  tropical  meteorology  by  granting  research 
funds  to  universities  and  other  institutions,  ^  The  concern  of  the  military 
for  an  increased  knowledge  of  weather  and  climate  in  the  humid  tropics 
resulted  in  a  continuing  demand  for  atmospheric  research.  The  extensive 
meteorological  services  required  for  the  Korean  war  and  more  recently  the 
Vietnam  conflict  are  examples  of  the  type  of  support  required  to  accomplish 
military  objectives.  Current  activity  in  the  Panama  Canal  Zone  Environ¬ 
mental  Test  Center  and  the  Asian  climatic  studies  of  the  USAF  Air  Weather 
Service  are  significant  developments. 


The  National  Science  Foundation  also  supports  tropical  meteo¬ 
rology  as  a  major  research  area.  Funds  allocated  by  this  agency  during  the 
International  Geophysical  Year  (1956-57)  permitted  sufficient  obser*  ations 
in  the  region  of  the  humid  tropics  to  allow  a  synoptic  analysis  of  the  area.*" 


International  symposia,  many  of  which  have  been  an  outgrowth 
of  U.S  Government  support  to  tropical  meteorological  research,  have 
examined  the  status  of  research  on  weather  and  climate  in  the  humid  tropics, 
both  from  an  international  and  a  regional  viewpoint.  The  World  Meteorological 
Organization  (WMO)  has  sponsored  four  seminars  devoted  to  tropical  meteo¬ 
rology  and  tropical  cyclones  since  1956,  financed  by  EPTA,  the  United  Nations 
Expanded  Program  of  Technical  Assistance.  In  I960,  the  MUNITALP  Founda¬ 
tion  of  New  York  sponsored  a  conference  on  tropical  meteorology  in  Nairobi, 
the  results  of  which  were  edited  and  published  by  D.  G-  Bargman  in  1963,^ 

W.  H.  Portig,  reporting  on  the  results  of  the  Asbury  Park  symposium  in  1962, 
declared  that  tropical  meteorology  was  a  "stepchild”  of  the  atmospheric  sci¬ 
ences.  In  1964,  G.  J.  F.  MacDonald,  chairman  of  the  Panel  on  Weather 
and  Climate  Modification  (National  Academy  of  Sciences,  Committee  on 
Atmospheric  Sciences),  reported:  "The  tropics  have  been  grossly  neglected 
in  meteorological  research  despite  the  central  importance  of  the  tropical 
oceans  and  tropical  convection  in  driving  the  global  general  circulation.  * 

The  advent  of  the  more  sophisticated  atmospheric  measuring 
devices  such  as  satellites,  remote  unmanned  weather  stations,  constant- 
level  balloons  and  radar  and  the  develooment  of  new,  improved  long-distance 
communications  have  enabled  world  meteorological  planners  to  reconsider 
the  possibility  of  a  global  weather  system.  In  1961,  the  United  Nations 
approved  a  4-point  resolution  which  had  been  presented  to  the  body  by  Presi¬ 
dent  Kennedy  a  short  time  previously.  One  of  the  approved  points  called  for 
an  international  cooperative  effort  in  weather  forecasting  and  atmospheric 
research.  Specifically,  the  resolution  requested  the  World  Meteorological 
Organization  (WMO),  in  collaboration  with  the  United  Nations  Educational 
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Scientific  and  Cultural  Organization  (UNESCO)  and  the  International  Council 
of  Scientific  Unions  (ICSU),  to  draw  up  proposals  for  appropriate  organiza¬ 
tional  and  financial  arrangements  to  achieve  effective  and  fruitful  coopera¬ 
tion,  In  response  to  the  UN  resolution,  the  National  Academy  of  Sciences 
developed  an  international  program  which  represents  the  views  of  American 
scientists  and  is  intended  to  provide  advice  to  the  appropriate  U.  S.  Govern 
ment  agencies  and  serve  as  a  basis  for  discussion  with  an  international  forum 
of  interested  scientists. 

2.  Evaluation  of  the  Development 

Development  of  tropical  atmospherics  as  a  research  discipline 
has  been  hindered  by  a  general  lack  of  interest  in  and  methodology  for  the 
investigation  of  environmental  conditions  in  the  low  latitudes.  Observational 
practices,  as  well  as  codes  and  nomenclatures  in  use  today  in  tropical  areas, 
are  extensions  of  methods  developed  in  extratropical  areas  of  the  world.  For 
example,  descriptions  of  certain  tropical  phenomena  such  as  clouds  lose  their 
identity  altogether  if  coded  by  descriptors  developed  for  midlatitude  phenomena. 
In  many  instances,  this  has  seriously  hindered  the  efforts  of  researchers. 

These  general  problems  and  especiallv  the  problem  of  cloud  coding  have 
been  recognized.  J.S.  Malkus  Simpson  md  H.  P.iekl  devised  a  "Tropical 
Whole  Sky  Coae"  in  1958  to  identify  undisturbed  trade-wind  skies,  weak  or 
trade-wind  type  disturbances  and  strong  disturbances  with  16  category  codes 
and  five  variation  categories  to  modify  the  basic  specifications.  This  scheme 
needs  continued  tropical  use,  refinement  and  either  acceptance  or  rejection  in 
lieu  of  a  better  system.^ 

A  lack  of  well-trained  meteorologists  and  climatologists  who 
have  field  experience  in  the  tropics  is  another  factor  which  has  hindered 
research.  New  theories  and  terminology,  new  coding  systems,  better 
instrumentation  and  calibration,  more  adequate  training  of  regional  meteoro¬ 
logists,  and  better  data -gathering  communications  networks  and  storage  facili¬ 
ties  are  required  before  the  degree  of  adequacy  exhibited  by  midlatitude  meteo¬ 
rology  and  climatology  can  be  achieved. 

C.  REVIEW  OF  CURRENT  ACTIVITY  AND  TECHNIQUES 

1.  Introduction 


This  review  considers  (1)  current  tropical  research  activity 
being  performed  in  the  United  States  or  sponsored  by  U.  S.  agencies  and  (2) 
reports  on  the  regions  composing  the  area  of  the  humid  tropics,  i.  e. ,  Latin 
America,  South  Asia  and  Oceania,  and  Africa.  Discussed  are  major  contro¬ 
versies,  neglected  areas  of  research  and  problems  of  a  barrier  nature. 
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A  review  of  field  and  laboratory  techniqve;  used  in  tropi^l 
meteorology  and  climatology  show  them  to  be  generally  e:  tensions  of  tech¬ 
niques  developed  for  midlatitude  meteorology.  Ajso,  techniques  and  instru¬ 
mentation  for  the  measurement  of  standard  meteorological  parameters  are 
essentially  the  same  in  the  tropics  as  in  midlatitude  areas.  This  chapter 
summarizes  deficiencies  and  recommendations  for  improvements  which  have 
been  noted  by  major  authorities. 

2.  Current  Research  Activity 
a.  U.  S.  — Sponsored 

1)  Hurricane  Research 

There  has  been  emphasis  on  hurricane  and  tropical  storm 
research  since  establishment  of  the  National  Hurricane  Research  Project 
in  1955.  Current  work  under  its  director,  R.  C.  Gentry,  is  devoted  largely 
to  development  of  quantitative  descriptions,  investigation  of  the  dynamics  and 
energy  transformations  of  various  types  of  tropical  storms  and  development 
of  numerical  models  of  tropical  disturbances  for  use  on  electronic  comput¬ 
ers.  The  Caribbean,  Gulf  of  Mexico  and  adjacent  areas  of  the  Atlantic 
have  been  the  primary  geographic  areas  of  interest.  Because  of  the  adverse 
effect  of  hurricanes  on  U.  S.  economy  and  on  the  inhabitants  in  these  areas, 
the  emphasis  placed  here  by  U.  S.  Government  support  is  obvious. 

Work  on  the  National  Hurricane  Research  Project  is  centered 
at  the  University  of  Miami,  Coral  Gables,  Florida,  where  a  5-story  comput¬ 
ing  center  has  been  constructed  for  use  by  the  National  Hurricane  Research 
Center,  the  U.  S.  Weather  Bureau  and  weather  units  of  the  Navy  and  Air 
Force. 


The  Weather  Bureau  receives  and  analyzes  weather  data  from  the 
following  sources:  radar  having  a  range  of  250  to  300  nmi;  reconnaissance 
aircraft  having  a  range  of  2500  to  3000  mi;  satellite  systems;  and  both  sur¬ 
face  and  upper-air  data  from  most  of  the  northern  hemisphere.  At  best, 
weather  satellites,  while  offering  a  new  tool  for  collecting  data  on  tropical 
storms,  are  supplemental  and  insufficient  when  used  alone.  Lack  of  data 
from  developing  storm  situations  in  the  tropical  areas  prohibits  full  pre¬ 
diction  and  explanation  of  the  birth  of  tropical  storms. 

The  following  are  important  topics  dealing  with  analysis  of  data 
collected  by  the  National  Hurricane  Research  Laboratory;  they  were  first 
discussed  at  an  Advanced  Science  Seminar  on  Hurricanes  held  July  6  to  Aug¬ 
ust  14,  1964,  in  Miami: 

•  Theoretical  Approach  to  Hurricane  Development 
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•  Modification  Experiments  on  Convective  Clouds 
and  Hurricanes 

•  Climatology  of  Hurricane  Motion,  Formation  and 
Hurricane  Forecasting 

•  Study  of  Hurricane  Rainbands 

Thu  following  topics  which  were  covered  at  the  Fourth  Technical 
Conference  on  Hurricanes  and  Tropical  Meteorology  at  Miami,  Florida  (Novem¬ 
ber  22-24,  1965)  are  clues  to  current  interest  in  the  field: 

•  Hurricane  Structure 

•  Storm  Surges  and  Ocean-Hurricane  Interaction 

•  Dynamics  of  Tropical  Meteorology 

•  Forecasting  Hurricane  Motion  and  Economic 
Aspects  of  the  Hurricane  Problem 

•  Tropical  Circulations 

•  Theoretical  Models  of  Tropical  Circulations 

•  Theoretical  Models  of  Circulations  in  Hurricanes 

•  Case  Studies  of  Tropical  Cyclones 

•  General  Discussion  on 

—  determination  of  wind  with  airborne  doppler  radar 

—  use  of  NIMBUS  infrared  data  in  tropical  analysis 

—  relation  of  tropical  and  midlatitude  circulations  in 
biennial  wind  oscillation 

—  forecasting  of  hurricane  motion  by  climatological 
statistical  technique 

—  kinetic  energy  transfer  and  conversion  on  a  global 
scale  between  the  equator  and  40°  N 

—  simple  method  of  reducing  station  pressure  to  sea 
level 

—  mechanism  of  warm  core  wave  in  easterlies 

—  mechanism  of  cold  core  wave  in  easterlies 

—  climatological  study  of  storms  and  depressions 
in  the  Indian  seas 

—  onset  of  Asiatic  summer  monsoons  over  South  .ast  Asia 

Statistical  and  dynamic  methods  of  forecasting  the  movement 
of  tropical  cyclones  have  been  developed  and  are  being  evaluated  at  the 
National  Hurricane  Center. 
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Other  work  on  the  problems  of  tropical  storms  includes  pro¬ 
grams  being  conducted  by  Woods  Hole  Oceanographic  Institution  {Woods  Hole, 
Massachusetts),  Travelers  Weather  Research  Center  (Hartford,  Connecticut),  * 

National  Center  for  Atmospheric  Research  (Boulder,  Colorado),  Meteorolo¬ 
gical  Satellite  Laboratory  of  the  Weather  Bureau,  Florida  State  University 
(Tallahassee,  Florida),  University  of  Chicago,  Colorado  State  University 
(Ft.  Collins,  Colorado),  University  of  Miami  (Coral  Gables,  Florida),  Massa¬ 
chusetts  Institute  of  Technology  (Cambridge,  Massachusetts),  University  of 
California  at  Los  Angeles,  New  York  University,  University  of  Wisconsin 
(Madison,  Wisconsin),  and  University  of  Oklahoma  (Norman,  Oklahoma). 

3)  Other  U.  S.  Research  in  Tropical  Meteorology  and  Climatology 

a)  The  following  topics  which  were  covered  at  the  1965  Army 
Conference  cm  Tropical  Meteorology,  the  fourth  consecutive 
annual  review  of  tropical  research  sponsored  by  the  U.S. 

Army  Electronics  Laboratories,  held  at  Miami  Beach, 

Florida  (6-7  May  1965)  ind.cate  recent  results  and  future 
research  plans  in  the  field.  ^ 

•  Tropical  Regional  Research 
—  East  African  lake  levels 

—  warm  core  cyclones  during  the  Southeast  Asia  Summer 
Monsoon 

—  meteorological  program  for  the  new  inter -oceanic  canal 

feasibility  study-  * 

•  Tropical  Mesorr.eteorology 

—  extremely  heavy  and  prolonged  periods  of  hourly  rairfall,  j 

tornadoes,  funnel  clouds,  water  spouts,  and  hail  in  South  j 

Africa 

—  tropical  rainfall  patterns  and  associated  mesoscale 
systems 

—  relation  of  subtropical  high  movements  to  rainfall  in  the 
American  tropics 

•  Tropical  Convection  and  Precipitation 

* 

—  rainfall  meso-scale  patterns  in  El  Salvador  \ 

—  climatic  and  synoptic  influences  on  diurnal  radiation  of  I 

rainfall  on  the  Windwards  Islands 

—  low  latitude  hailstorms 

—  diurnal  and  semi-diurnal  variations  of  sensible  and  latent 
heat  exchange,  cloudiness  and  precipitation  over  the 
western  tropical  Atlantic 

—  rainfall  frequency  of  the  area  0-30aN,  50-100°W. 
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•  Dynamics,  Thermodynamics,  and  Physical  Meteorology 

—  structure  of  rainfall  in  Entebbe.  Uganda 

—  kinematics  and  dynamics  of  tropical  precipitation 

—  low  level  gravity  waves  in  off-shore  v.inds 

—  tropospheric  wave  motions  in  equatorial  latitudes 

—  system  of  2  -  dimensional  mesoscale  ana  ,'cis  and  fore¬ 
casting  with  friction  and  moisture 

•  Tropical  Analysis  and  Forecasting 

—  development  of  a  tropical  analysis  center  at  Miami 

—  automatic  satellite  picture  transmission 

—  precipitation  probability  estimates 

b)  Instability  Patterns  in  the  Tropics 

H.  Hiser  of  the  University  oi  Miami  is  studying  the  mesoscale 
and  other  instability  patterns  in  the  tropics.  Special  emphasis  is  being  given 
to  waves  in  the  easterlies  affecting  Southern  Florida  and  adjacent  waters.  In 
the  work,  precipitation  echo  motions  are  being  compared  with  observations  of 
winds  aloft  in  order  to  determine  parameters  tc  be  used  in  predicting  transla¬ 
tional  motion  of  the  precipitation  cells  and  thus  permit  accurate  weather  fore¬ 
casts. 


c)  Tropical  Precipitating  Clouds 

E.  Kessler  III,  Travelers  Research  Center,  is  conducting  an 
essentially  mathematical  treatment  of  the  problem.  Continuity  equations  for 
precipitation,  cloud  and  vapor  and  the  steady-state  vertical  distribution  of 
cloud  in  a  precipitation-free  compressible  atmosphere  have  been  derived 
from  this  study.  The  chiel  purpose  is  to  increase  the  understanding  of  the 
role  of  cloud  conversion,  accretion,  evaporation,  and  entrainment  processes 
in  shaping  water  vapor  distribution,  cloud  and  precipitation  associated  with 
tropical  circulations.  Two  important  outgrowths  of  this  investigation  are 
reasons  for  the  persistence  of  cirrus  clouds  in  the  tropics  and  a  series  of 
new-found  possibilities  of  more  efficient  cloud  modification. 

d)  Observation  and  Study  of  Tropical  Atmospheric  Systems 

N.  E.  LaSeur,  Florida  State  University,  is  studying  the  rela¬ 
tive  contributions  of  synoptic  disturbances  and  local  effects  to  island  rainfall 
patterns  by  wind  structure  investigations  over  Barbados,  West  Indies.  A 
Woods  Hole  Oceanographic  Institution  ship  provided  measurements  300  mi  east 
of  Barbados  and  on  the  ’sland  itself.  An  extension  of  this  work  will  involve 
studies  of  the  distribution  of  meteorological  parameters  in  individual  hurricanes. 
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E.  B.  Kraus s  of  Woods  Hole  Oceanographic  Institution  is 
involved  in  an  associated  study  of  local  convection  on  islands  and  the  Inter¬ 
actions  of  underlying  sea  or  land  su  face  as  factors  in  determining  vertical 
heat  flux  and  momentum.  Objectives  of  this  project  were  design  of  an  ocean 
buoy  and  instrumentation.  Also  studied  were  the  friction  effects  over  land 
and  water  to  assess  their  influence  on  the  development  of  atmospheric  circ 
lation.  As  an  extension  of  this  work,  instrumented  buoys  and  aircraft  will  l-e 
used  to  collect  dita  for  studies  on  air-surface  interactions  and  vertical  heav 
flux. 


J.  S.  Malkus  Simpson  of  the  U.  S.  Weather  Bureau  [now  operat¬ 
ing  under  Environmental  Science  Services  Administration  (ESSA)]  conducted  an 
extensive  observation  program  in  cooperation  with  Woods  Hole  Oceanographic 
Institution  to  study  the  possibilities  of  cloud  structure  and  pattern  prediction. 

E.  Kessler  and  associates.  Travelers  Research  Center,  studied 
the  kinematics  of  tropical  precipitation  on  the  scale  of  convective  clouds  to 
determine  the  effects  of  motion  in  moisture  distribution,  cloud  formation  and 
precipitation. 


W.  K.  Henry  and  J.F.  Griffiths  of  Texas  A&M  University, 
using  the  contingency  table  as  a  tool,  have  been  engaged  in  studies  leading  to 
identification  of  the  activity  of  mesoscale  systems  in  daily  rainfall  amounts. 

J.  E.  Cook  of  Texas  A&M  University  has  completed  a  thesis  on  ”An  Investiga¬ 
tion  of  the  Oceanic  Effects  on  the  Climate  of  Pacific  Equatorial  South  America.”  , 

At  the  University  of  Miami,  J.  C.  Millas  is  engaged  in  climato¬ 
logical  studies  of  Cariobean  area  cyclones  and  translations  of  articles  written 
in  Spanish  relative  to  hurricane  forecasting  and  research.  The  work  of  R. 

Endlich  of  Stanford  Research  Institute  involves  adaptation  of  midlatitude 
methods  to  analysis  and  forecasting  for  tropical  conditions. 

e)  Upper-Air  Tropical  Research 

T.  J.  Keneshea,  M.  E.  Gardner  and  W.  Pfister  have  analyzed 
ionospheric  winds  and  turbulence  over  Pu;rto  Rico  using  correlation  analysis -I. 

This  document  is  available  fro*  .  the  Defense  Documentation  Center,  Rpt.  No. 

AFCRL  65-273. 

Various  aspects  of  monsoon  circulation  over  Southeast  Asia  are 
being  studied  by  H.  F.  Riehl,  Colorado  State  University.  His  studies,  if  suc¬ 
cessful  in  providing  a  framework  in  which  mesoscale  phenomena  may  be 
understood,  may  close  a  significant  gap  in  tropical,  synoptic  meteorology.  This 
work  also  involves  the  location  of  bad  weather  areas  in  Southeast  Asia  and 
their  frequency  and  succession. 
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Litton  Systems  Incorporated  used  meteorological  data  from 
Africa  and  the  Indian  Ocean  area  to  study  stratospheric  structure  and  strato¬ 
spheric  and  tropospheric  circulations  in  the  tropics  to  verify  the  presence  of 
a  biennial  cycle  and  provide  the  basis  for  improved  forecasting  of  upper 
winds.  Balloons  are  to  be  supplied  to  rad;osonde  stations  around  the  peri¬ 
phery  of  the  Indian  Ocean  to  secure  better  data  for  extension  of  this  work. 

A  program  of  field  measurements  in  moist  tropical  climate  is 
being  conducted  for  tropical  thermal  attenuation  studies  at  the  Institute  of 
Marine  Sciences,  University  of  Miami.  The  primary  objective  of  this  work 
is  to  determine  the  effects  of  tropical  environment  on  light  transmission  prop¬ 
erties  of  the  atmosphere. 

R.  J.  Reed  of  the  University  of  Washington  developed  a  provi¬ 
sional  model  for  further  studio  ■>  cf  the  dynamics  and  structure  of  the  stable 
26-month  oscillation  in  his  work  on  middle  tropical  stratosphere.  D.  O. 

Staley,  University  of  Arizona,  is  engaged  in  similar  studies. 

T.  Fujita  and  J.  Brown  of  the  University  of  Chicago  are  using 
TIROS  pictures  for  mesoscale  circulation  studies.  Photographs,  8 -a  to  12-u 
infrared  radiation,  taken  over  Central  America,  are  combined  with  others 
taken  with  a  normal  camera  for  studying  vertical  wind  shear.  E.  S.  Merritt 
of  Aracon  Geophysics  Company  is  conducting  easterly  wave  studies  based  on 
TIROS  data  and  time  sections  of  conventional  surface  and  upper-air  observa¬ 
tions. 

R.C.  Behn  and  R.A.  Duffee  of  Battelle  Memorial  Institute  have 
studied  the  structure  of  the  atmosphere  in  and  above  tropical  forests.  Prior 
microclimatic  research  performed  for  Battelle's  Remote  Area  Conflict  Infor¬ 
mation  Center  (RACIC)  by  ARPA's  request  was  reported  in  August  1965. 

A  contribution  to  fundamental  meteorological  research  has  been 
made  by  NASA's  meteorological  satellite  NIMBUS  I  in  mapping  large-scale  wea¬ 
ther  systems  from  orbital  altitudes.  The  NIMBUS  program's  original  objective, 
which  was  to  develop  a  second -gene ration  operational  weather  satellite  to  follow 
TIROS,  has  been  changed  to  pure  research. 

The  National  Center  for  Atmospheric  Research  is  contributing 
to  tropical  meteorology  research  by  making  its  facilities  available  to  member 
universities.  Both  Krauss  and  Riehl,  who  are  engaged  in  tropical  storm 
research,  have  acted  as  visiting  scientists  at  the  center. 

4)  U.  S.  Support  of  Tropical  Meteorological  and  Climatological 

Research  Outside  the  U.  S. 

The  Meteorological  Institute  of  the  Technische  Hochschule, 
Karlsruhe,  Germany,  is  performing  studies  using  data  and  observations  made 
in  Central  Africa  and  East  Africa.  This  work  considers  cloud  structures. 
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122 


scisnc*  Mnrtcat  division 


* .  -ns-  -«**  ~r 


rain  and  formation  of  precipitation.  H.  Flohn  and  W.  Eickermann  of  the  Meteo¬ 
rological  Institute  of  the  University  of  Bonn,  Germany,  are  studying  water  vapor 
characteristics  in  the  tropical  rain  belt  of  North  Africa.  H.  Flohn  also  is 
engaged  in  equatorial  meteorological  studies  involving  the  tropical  easterly 
jet  over  Southern  Asia,  Northern  Africa,  Peru,  and  Ecuador.  The  United 
States  Department  of  Defense  is  sponsoring  all  of  these  projects. 

In  cooperation  with  the  Netherlands  Organization  for  the  Advance¬ 
ment  of  Pure  Research  (ZWO),  National  Aeronautics  and  Space  Administration 
(NASA)  is  launching  four  sounding  rockets  which  release  sodium  vapor  for 
experiments  to  measure  winds  in  the  equatorial  upper  atmosphere.  The  first 
of  these  launchings  was  made  at  Coronie,  Surinam  (Dutch  Guiana)  in  June 
1964.  NASA  provides  the  sounding  rockets  and  launcher,  and  ZWO  supplies 
the  sodiurc  vapor,  high-speed  cameras  for  photographing  the  sodium  vapor 
clouds,  and  f!.r  launch  facilities. 

In  the  Panama  Canal  Zone,  Weather  Engineers  of  Panama, 
under  contract  with  the  U.  S.  Army  Tropic  Test  Center,  is  collecting  micro¬ 
climatic  data  at  several  sites.  This  work  is  part  of  a  detailed  environmental 
investigation  sponsored  by  the  Army  Research  Office  and  the  Advanced  Research 
Projects  Agency.  Instrumented  towers  have  been  erected  at  both  forested 
and  open  sites.  Meteorological  data  are  being  collected  also  by  the  U.  S. 

Army  Meteorological  Team  stationed  in  the  Canal  Zone. 

The  National  Weather  Satellite  Center,  Washington,  D.  C.  , 
programmed  two  satellites  to  make  extensive  photographic  records  of  the 
clouds  in  the  Indian  Ocean  area  during  the  expedition  of  1961-1965.  The  U.  S. 
Weather  Bureau  and  Woods  Hole  Oceanographic  Institution  cooperated  in  acti¬ 
vities  conducted  during  the  International  Indian  Ocean  Expedition  (DOE).  The 
Weather  Bureau  assigned  to  the  International  Meteorological  Center  at  Colaba 
Observatory,  Bombay,  India,  two  full-time  meteorologists,  five  professional 
assistants  and  an  IBM  1620  computer.  Research  aircraft  equipped  with  spe¬ 
cial  meteorological  sensors  and  recorders  operated  out  of  Bombay  in  the 
investigation  of  tropical  cyclones  in  the  Arabian  Sea  and  the  Bay  of  Bengal 
(1963-1965).  U.  S.  aircraft  operated  by  Woods  Hole  Oceanographic  Institu¬ 
tion  concentrated  on  the  Arabian  Sea  monsoon  region. 

NASA  is  engaged  in  a  cooperative  program  with  India's  National 
Commission  for  Space  Research.  Experiments  will  involve  the  technologies 
of  aeronomy,  ionospheric  physics  and  magnetics.  Sounding  rockets  will  be 
launched  from  the  Thumba  Equatorial  Rocket  Launching  Station  (TERLS)  near 
Trivandrum. 

The  Hawaii  Institute  of  Geophysics  has  conducted  an  exercise 
to  determine  the  amount  of  data  routinely  available  for  the  tropics  and  the 
adequacy  of  the  data  for  performing  a  reasonable  global  analysis  at  standard 
pressure  levels.  Member  countries  of  the  WMO  having  meteorological  opera¬ 
tions  in  the  tropics  have  been  asked  to  mail  a  copy  of  the  daily  output  of  their 
analysis  centers  for  December  10,  1963,  and  January  10,  1964.  The  U.  S. 
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Navy  Weather  Service  and  the  d.S.  Air  Force  Air  Weather  .  ervice  also  were 
asked  to  contribute.  Data  from  64  analysis  centers  representing  44  countries 
were  analyzed.  Sufficient  data  existed  for  a  reliable  analysis  of  the  large- 
scale  global  circulation  of  the  tropical  troposphere  twice  a  day,  but  the  com¬ 
munications  necessary  to  gather  them  were  not  available. 

Project  Stormfury,  an  interagency  cooperative  effort  between 
the  U.  S.  Navy  and  Weather  Bureau,  ir  effect  since  1962,  explores  the  struc¬ 
ture  and  dynamics  of  hurricanes  through  a  series  of  field  experiments  for  the 
purpose  of  achieving  a  better  understanding,  improving  prediction  and  inquir¬ 
ing  into  the  feasibility  of  modifying  some  aspects  of  these  destructive  storms. 

The  Japanese  Government,  the  University  of  Hawaii  and  the 
National  Science  Foundation  sponsored  an  extensive  field  program  in  Hawaii 
to  determine  chemical  composition,  drop-size  destruction,  electrical  charges 
in  raindrops,  updraft  speeds  in  clouds,  and  the  change  in  these  variables  as 
functions  of  height,  cloud  age,  wind  destruction,  environmental  temperatures, 
and  moisture  lapse  rates. 

Professor  Herbert  Riehl,  Colorado  State  University,  Ft.  Col¬ 
lins,  under  contract  to  the  U.S.  Army  Electronics  Command,  has  been  investi¬ 
gating  various  aspects  of  the  monsoon  circulation  over  Southeast  Asia.  Riehl's 
research  has  examined  the  onset  time  of  the  monsoon  and  its  variability  within 
the  season,  the  correlation  of  the  synoptic  and  meso-structure  of  cloud  systems 
as  revealed  over  land  by  satellite  and  conventional  data,  the  investigation  of  the 
synoptic  time  sequence  of  the  winds  during  the  monsoon  season,  and  the  location 
of  principal  bad  weather  areas  and  their  frequency  and  succession. 

The  Foreign  Area  Section  of  the  Office  of  Climatology,  U.  S. 
Weather  Bureau  (ESSA),  maintains  a  climatologist  in  Hawaii  who  is  responsi¬ 
ble  for  climatological  matters  in  the  Pacific  Ocean  Trust  Territories.  A 
territorial  climatologist  stationed  at  San  Juan  is  responsible  for  Fhierto  Rico, 
the  Virgin  Islands  and,  to  some  extent,  the  entire  Caribbean  area.  In  addition, 
reference  manuals  containing  data  for  specific  locations  including  parts  of  the 
humid  tropics  are  published  in  punch-card  form  by  the  U.S.  Weather  Bureau. 

The  First  Weather  Wing  of  the  USAF  Air  Weather  Service 
recently  published  a  series  of  climatic  studies  for  its  area  of  responsibility 
which  includes  a  portion  of  the  humid  tropics.  These  studies  provide  an  excel¬ 
lent  compilation  for  a  limited  number  cf  meteorological  parameters  from  data 
sources  mentioned  in  this  chapter.  Some  of  the  more  pertinent  studies  are: 

•  Special  Study  105-3,  "Climate  Data  Summaries  for  Selected 
Asian  and  Pacific  Stations" 

•  Special  Study  105-4,  "Climate  of  North  Vietnam" 

•  Special  Study  105-5,  "Climate  of  Malaysia" 

•  Special  Study  105-6,  "Climatic  Atlas  of  I.idochina" 
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•  Special  Study  105-9,  "Climate  of  Republic  of  Vietnam" 

•  Special  Study  105/11  (1-2)  "January-Decernber  Climate 
of  Southeast  Asia" 

•  Series  of  20  "Persistency  Summary  Studies  for  Vietnam" 

The  persistency  summaries  mentioned  above  attempt  to  answer 
the  following  two  questions:  Given  a  certain  weather  condition,  how  many  hours 
will  it  last?  Will  the  same  condition  recur  on  one  or  more  succeeding  days  at 
the  same  hour? 

5)  U.S.  Interest  in  Tropical  Metorological  and  Climatological 

Research  on  an  International  Scale 


U.S,  participation  in  the  International  Indian  Ocean  Expedition 
(HOE)  was  planned  by  the  National  Academy  of  Sciences  Committee  on  Atmo¬ 
spheric  Sciences.  C.S.  Ramage  of  the  University  of  Hawaii  spent  20  months 
in  the  Indian  Ocean  area  as  scientific  director  of  the  HOE  meteorology  program 
which  was  established  at  Bombay  in  1963,  The  program  coUected  meteoro¬ 
logical  data  from  every  possible  source.  All  weather  parameters  over  land 
and  sea  and  in  the  upper  atmosphere  were  collected  and  stored  on  microcard. 

The  data  were  reduced  and  displayed  on  charts  and  were  subject  to  daily 
analysis.  The  staff  conducted  daily  discussions  of  developing  problems,  the 
data  analysis  and  its  dynamics.  Basic  objectives  of  the  activities  at  Colaba 
Observatory,  Bombay,  were  to  develop  forecasting  techniques  for  the  area  and 
to  describe  basic  atmospheric  processes  to  fit  into  a  model.  C.R.  V.  Raman  j 

reports  that  one  of  the  most  significant  results  of  the  research  of  IlOE's  j 

meteorology  program  has  been  to  dispel  the  notion  that  a  single  meeting  line  • 

of  air  from  both  hemispheres  (intertropical  convergence  zone)  exists  as  a  sin-  i 

gle  front  migrating  with  the  sun  and  carrying  weather  with  it  but,  in  reality,  is  | 

an  independent  dual  series  of  lows  or  two  distinct  troughs,  one  in  each  he  mi  -  • 

sphere,  which  migrate  with  the  sun.  The  existence  of  double  troughs  is  indi-  { 

cated  by  the  evidence  of  cloud  cover,  moisture  and  rainfall  distribution.^ 


The  International  Geographical  Union  formed  a  special 
commission  on  the  humid  tropics.  B.J.  Gamier,  a  member  of  this  com¬ 
mission,  has  been  engaged  since  1957  in  a  continuing  program  for  delimitation 
of  the  humid  tropics.  In  association  with  F.R.  Fosberg  and  A.  W.  Kuchler, 
Gamier  is  engaged  in  the  foUowing  work  as  reported  by  Hills.  ^5 

"a)  Testing  conditions  established  for  humid  tropicality 
by  undertaking  air  mass  and  other  analysis  outside  West 
Africa,  with  the  object  to  see  whether  the  average  tem¬ 
perature  and  humidity  values  established  in  West  Africa 
when  unmodified  ml  air  dominates  an  area  for  5  days  or 
longer  are  similar  in  other  parts  of  the  world 

"b)  Examination  of  the  validity  of  the  periods  of  duration 

for  temperature  and  humidity  conditions  suggested  in 

the  above  reference  as  suitable  limits  for  the  humid  tropics _ 


i 


i 
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"c)  Refilling  the  position  of  the  boundaries  of  the  humid 
tropics  outside  West  Africa  by  examination  of  local  data 

"d)  Studies  of  the  climate  of  different  parts  of  the  humid 
tropics  with  a  view  to  finding  out  the  character  of  conditions 
not  adequately  expressed  by  the  factors  chosen  to  show  the 
limits  of  the  area,  e.g.  ,  typical  day-to-day  weather  con¬ 
ditions,  temperature  regimes,  water  balance  studies,  sun¬ 
shine,  and  radiation  character.  " 


Gamier  currently  is  conducting  research  on:  the  weather 
conditions  m  Nigeria  with  particular  reference  to  (1)  their  detailed  nature  as 
typifying  the  conditions  of  different  seasons,  (2)  their  ecological  significance 
and  (3)  their  significance  for  understanding  the  physiological  climatology  of  the 
area;  and  the  water  resources  of  West  Africa,  investigated  from  the  climate 
(water  balance)  viewpoint.  As  part  of  the  latter  study  (still  in  a  formative 
state),  he  plans  to  measure  runoff  in  various  West  African  River  basins  prior 
to  making  an  overall  climatic  appraisal  of  the  available  water  in  the  catchment 
basins  of  West  Africa.  By  1968,  the  results  of  Garnier's  study  and  other  trop¬ 
ical  weather  and  climate  research  by  geographers  (U.  S.  and  international)  are 
to  be  reported. 

b.  Latin  America 


Cold  air  invasions  to  latitudes  as  low  as  14°N  have  been  the 
subject  of  study  by  I.  H.  Lessman  of  the  National  Meteorological  Service, 

El  Salvador.  C.F.  Bennett  has  been  conducting  microclimatic  studies  in 
Barro  Colorado  Island  in  the  Canal  Zone.  Some  of  his  data  will  be  published 
in  1966.  In  Costa  Rica,  efforts  are  being  made  to  undertake  synoptic  analyses 
for  that  area.  Lessman  reported  that  research  efforts  and  research  publi¬ 
cations  were  limited  throughout  Central  America.  Data  are  available  for 
research  involving  the  origin  of  temporals,  rainfall  variations  and  the  inter- 
tropical  convergence  zone.  Facilities  of  the  Institute  of  Tropical  Scientific 
Investigation  of  the  University  of  El  Salvador,  including  board  and  lodging, 
are  free  to  foreign  research  personnel. ^ 


Other  current  work  in  Latin  America  includes 


Climatology; 
Atmospheric 
Studie  s 


Instituto  de  Meteorologia  Nautica  Mexico 

Escuela  Nautica  Mercante  Fernando 

Siliceo 

Veracruz,  Mexico 


Climatology;  Ing.  Juan  Mas  Sinta  Mexico 

Applied  Regional  Direccion  de  Geografia  y  Meteorologia 
Climatic  Studies;  Avenida  del  Observatorio  192 
Evapotranspiration;  Tacubaya,  Mexico,  D. F. 

Pacific  and 
Caribbean  Hurricanes 
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Brazil 


Tropical  Convergence; 
Easterly  Waves;  Polar 
and  Continental  Humid 
Air  Masses;  Mapping  of 
Agroclimatic  Districts 
of  Brazil 


J.M.  dos  Santos 
R.C.  Ferreira,  M.  Sampaio 
J.F.  Garcia,  L.R.  Ratisbona 
Serviqo  de  Meteor ologia  do 
Ministerio  da  Agricultura 
Centro  de  Pesquisas 
Rio  de  Janeiro,  Brazil 


Tropical  Meteorology 


Northeast 
Brazil 

Universitat  Bonn 
Franziskanerstrasse  2 
53  Bonn,  Germany 


C.  Troll 

Meteorologisches  Institut 
Rheinische  Friedrich-  Wilhelm - 


i 


c.  Africa 

H.  O.  Walker,  in  discussing  current  research  activity  in 
Africa  for  UNESCO,  has  stated:  ^ 

"There  are  very  few  research  institutes  or  universities  in 
Africa  with  departments  devoted  to  meteorology  or  climatology. 
Climatology  appears  in  the  list  of  studies  of  many  geographical 
departments  in  institutions  of  higher  learning,  but  this  is  scarcely 
enough.  Research  in  meteorology  is  usually  a  function  of  sta’j 
meteorological  services  in  Africa.  The  inclusion  of  this  amongst 
the  attributes  of  the  service  is  most  desirable  since  it  links  within 
one  organization  those  concerned  with  research  and  operational 
application  of  the  data.  Unfortunately,  shortage  of  manpower  and 
other  resources  have  all  too  frequently  led  to  a  concentration  on 
operational  requirements  and  most  research  has  been  carried  out 
either  on  a  part-time  basis  or  at  times  which  other  members  of 
civil  services  would  reasonably  consider  leisure  hours.  Under 
conditions  such  as  these,  experimental  research  and  research  on  a 
large  scale  in  fundamental  meteorology  are  extremely  difficult. 
Hence,  the  tendency  has  been  for  research  to  concentrate  on 
analytical  work  over  a  limited  area.  As  examples,  Grandidier's 
work  on  the  monsoon  in  former  French  Equatorial  Africa  and 
Eldridge's  work  on  the  disturbance  lines  of  West  Africa  may  be 
quoted.  If  the  writer's  experience  is  any  guide,  much  research 
work  in  Africa  that  has  been  started  has  not  been  finalized  either 
because  of  lack  of  time  on  the  part  of  the  research  worker  or 
because  he  has  left  the  continent  to  return  to  the  problems  of  the 
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metropolitan  country  to  which  he  belongs.  It  is  even  more  certain 
that  many  investigations  which  have  been  completed  are  only 
available  in  manuscript  or  in  a  few  typewritten  copies.  The  sparsity 
of  aerological  observations  in  Africa  is  another  grave  handicap  to 
research  in  meteorology." 

Research  by  South  Africans  has  been  accomplished  for  some 
areas  in  tropical  Africa.  In  Johannesburg,  S.  P.  Jackson,  University  of 
Witwatersrand,  has  prepared  a  climatological  atlas  for  the  entire  continent 
of  Africa  under  the  auspices  of  the  Commission  for  Technical  Co-operation 
in  Africa.  4,0  Ramanasarivo  of  the  Service  meteorologique,  Tananarive,  has 
been  concerned  with  the  correlation  of  polar  air  cells  with  the  weather  in  the 
Western  Indian  Ocean,  tropical  cyclones  and  the  application  of  climatology 
to  hydrology. 


The  East  African  Meteorological  Service  director,  B.  W. 
Thompson,  reports  that  the  investigation  of  East  African  weather  systems  is 
of  high  priority.  The  East  African  Forestry  Research  Organization  (EAFRO) 
is  conducting  research  on  atmospheric  moisture. 

Other  significant  work  includes 

Meteorologico  A.  S.  de  Souza  Mozambique 

Observatorio  A.stronomico  e 
Meteorologico  Campos 
Rodrigues 

Lourenqo  Marques,  C.P.  256 
Mozambique 


Climatology  Institut  des  pares  nationaux  Conge 

du  Congo  et  du  Rwanda  -  Burundi 
1  rue  Defacqz,  Bruxelles,  Belgium 


Radiation  Balance; 
Synoptic  Study  of 
Energy  Balance 
Factors;  Hydro¬ 
meteorology;  Climato¬ 
logical  Atlas  of  Congo 
Basin;  Bioclimates; 
Climatic  Variations 


J.  vanMieghem,  F.  Bultot 
Institut  royal  meteorologique 
Centre  de  la  meteor ologie 
tropicale  et  de  la  climatologie 
Avenue  Circulaire  3 
Uccle -Bruxelles  18,  Belgium 


Congo 


Tropical  Meteorology; 
Water  Vapor;  Heat 
Transport  and  Diver¬ 
gence;  Regional 
Circulation  Anomalies 


C.  Troll  East  Africa 

Meteorologisches  Institut 
Rheinische  Friedrich- Wilhelm 
Universitat  Bonn 
Franziskanerstrasse  2 
53  Bonn,  Germany 
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Tanganyika 


Resistance  of  Materials  R.  Geigy 
to  Influences  of  Tropi-  Institut  tropical  suisse 
cal  Climate  Socinstrasse  57 

Basle,  Switzerland 

Meteorology  S.  J.  de  Almeida  Tropical  Rain  I 

Joa'o  Capelo  Meteorolo-  Forestand  ; 

gical  and  Magnetic  Observatory  Savanna  in  j 

Luanda,  C.P.  1288,  Angola  Angola  j 


Recent  studies  in  the  climatology  and  m-t  urology  of  Africa  by 
M.  F.  Faha,  A.  H.  Bunting,  P.A.  Onesta,  H.  Walker,  L  T.  North,  P.  Nisme, 
and  D.  J.  Bargman  are  listed  in  the  published  literature  appearing  in  Volume  I. 
(Note  code  numbers  0003-080,  090  of  Section  E. ) 

d.  South  Asia  Oceania 

The  Malayan  Meteorological  Service  has  conducted  studies  on 
development  of  horizontal  divergence  and  vorticity  in  the  low  latitude  atmo¬ 
sphere,  equatorial  convergence  lines  of  the  Malayan-East  Indies  area  and 
properties  of  the  upper  air  over  Singapore. 

Tropical  summer  convective  cells  have  been  the  subject  of 
research  by  H.  Mitra,  S.M.  Kulshrestha  and  P.  S.  Jain  of  the  India  Mete¬ 
orologies  Department,  New  Delhi,  India.  Their  investigations,  which  include 
the  use  of  radar,  cover  various  characteristics  of  echo  cells  such  as  cell 
diameters,  cell  spacing,  their  distributions,  variation  with  the  progress  of 
the  season,  interrelationship,  and  height -diameter  relationship.  Aiso  at  the 
India  Meteorological  Department,  a  synoptic  study  of  premonsoon  squall  lines 
in  Northeast  India  and  East  Pakistan  is  being  conducted  by  D.  V.  Subramanian 
and  A.  K.  Banerji  employing  radar  techniques.  At  Poona  University,  Poona, 
India,  radiometeorological  thunderstorms  in  the  tropics  are  being  stucied 
by  M.  W.  Chiplonakar,  R.  N.  Karekar  and  P.  R.  Marwadi. 

S.  Raghavan  of  the  India  Meteorological  Department,  working 
on  problems  cf  thunderstorm  propagation  studies,  has  discovered  that  anom¬ 
alous  echoes  observed  on  a  3-cm  radar  beam  at  Madras,  India,  in  the  rear 
of  thunderstorms  cannot  be  satisfactorily  explained  by  processes  suggested  by 
previous  authorities  on  the  subject.  ^ 

Recently,  an  Institute  of  Tropical  Meteorology  was  established 
at  Poona,  India.  Equipment  and  personnel  of  the  International  Meteorological 
Center,  Bombay,  have  been  transferred  to  Poona.  P.R.  Krishna  Rao  has 
overall  responsibility  for  this  research  facility  which  will  be  involved  in 
research  on  the  problems  of  tropical  and  subtropical  meteorology  including 
monsoons  and  their  forecasting,  forecasting  and  warnings  for  tropical  cyclones, 
medium-range  forecasting  for  the  benefit  of  agriculture  and  other  allied  fields. 
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flood  fo recastmu,  and  dcvciopuiu  lechmqu*  s  for  surface  and  upper  atmosphere 
ouseivaUuns.  A  UN  Special  Fund  grant  has  Seen  made  lor  meteorological 
equipment,  cloud  and  storm  studies  equipment,  an  IBM  162  0  computer,  and 
other  equipment.  Ti  ls  institute  is  intended  to  serve  as  an  international  center 
lor  research  in  tropical  meteorology. 

Other  work  in  South  Asia  and  Oceania  includes 


&  t 


Climatology 

Hugh  Ferguson 

Tccklai  Experimental  Station 

P.O.  Cmnamara,  District 

Sibsagar,  Assam,  Lidia 

India 

Rainfall  Forecasting; 
Climatic  Variations 

Ir.  R.  Geonarso 

Lem  bag  a  Meteoroiogi  dan 

Geofisik  Djaian  Geredja 

Inggns  3 

Djakarta,  Indonesia 

Indonesia, 

especially 

Tava 

F  ore  casting; 

J et  Streams; 

Circulation  Studies; 
Cyclonic  Storms; 
Agromeve  urology 

S.  N.  .*<aq  /l 

Pakistan  Meteorological  Service 
Central  Secretariat 

Freve  Road 

Karachi,  Pakistan 

East 

Pakistan 

East  Asia  and  West 
Pacific  Air  Streams; 
Typhoons; 

Synoptic  Indicators 

R.  L.  Kintaoar 

Philippine  Weather  Bureau 
Atmospheric  Research  Unit 

P.  O.  Box  2277 

Manila,  Philippines 

East  Asia 
and  West 
Pacific 

Evapotranspiration; 
Climatological  Map 
Revision; 

Solar  Radiation 

Burma  Meteorological  Department 
619  Merchant  Street 

Rangoon,  Burma 

Burma 

Cvclones; 

Climatological  Surveys; 
Rainfall  Variations; 

Agr  ©meteorology 

W.  J.  Gibbs 

Commonwealth  Bureau  of 
Meteorology 

Box  1289K,  GFO 

Melbourne,  Australia 

North 

Queensland 

Northern 

Territory 
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3.  Research  of  Significant  Growth  Potential 

Among  the  many  research  activities  underway  or  those  about 
to  be  undertaken,  a  few  exhibit  more  growth  potential  than  others.  These 
have  been  categorized  into  the  following  groups: 

•  Projects  dealing  with  moisture  transportation  and 
evaporation  ft om  open  water  surfaces  in  the 
tropics 

•  Projects  dealing  with  the  interaction  between  low' 
and  high  latitude  circulations  of  the  atmosphere. 

(The  first  type  of  research  problem  is  fairly  easy 

to  study,  while  the  second  type  is  much  more  ; 

complex  and  difficult;  nevertheless,  research  activity 
along  both  of  these  lines  is  not  only  significant  but 
clearly  has  great  future  potential.) 

•  Water  balance  studies  -» 

•  Statistical  studies  for  analysis  of  regions.  (The 
principal  problem  to  be  solved  is  the  spatial 
characteristics  resulting  from  manifold  rather 
than  unitary  controls.  When  it  is  possible  to 

combine  several  climatic  characteristics  in  a  > 

complex  variable  such  as  a  "weather  type,  " 

increased  comprehension  of  region-wide  char-  » 

acteristics — now  confined  to  single -station  data — 

will  result.  )  | 

4.  Neglected  Areas  of  Research  J 

O  i 

r 

•  •  ^ 

Tropical  meteorology  and  climatology  in  themselves  might  be 

ciassifed  as  neglected  areas  of  research  within  the  total  field  of  meteorology 
and  climatology.  One  recent  survey  showed  that  research  on  cloud  and 
precipitation  physics,  turbulence  and  diffusion,  climatology,  micrometeorology, 
and  the  upper  atmosphere  accounted  for  45.6  percent  of  the  total  research  budget 
at  12  universities  and  institutions,  while  tropical  meteorology  accounted 
for  only  2.5  percent.  17  This  is  less  than  half  of  those  funds  devoted  to 
polar  meteorologic  research.  The  figures  for  U.S.  Government  research 
support  indicate  a  similar  lack  of  emphasis  on  tropical  meteorologic  research. 

Only  1.8  percent  of  the  total  funds  is  available  to  tropical  research.  If  one 
then  notes  the  emphasis  placed  on  hurricane  studies,  one  can  see  why  the 
general  field  might  be  considered  to  constitute  a  research  gap. 
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Basic  research  is  needed  in  many  areas  of  the  field  of  * 
tropical  meteorology  and  climatology  before  meaningful  studies  of  more 
complex  problems  can  be  attempted.  In  recent  symposia  on  tropical  meteor¬ 
ology,  participants  discussed  neglected  research  problems  at  length.  The 
following  is  a  list  of  some  of  the  problems  mentioned: 


v* 


•  Development  of  comprehensive  synoptic  models 
of  tropical  weather-producing  systems  such  as 
the  intertropical  convergence  zone,  high  tropo¬ 
spheric  vortices,  the  easterly  wave,  etc. 

•  Structure  and  motion  of  the  intertropical  con¬ 
vergence  zone 

•  Steering  mechanism  of  easterly  waves  and  their 
precipitation  patterns,  areas  of  maximum  weather 
potential  and  speed  of  movement 

•  Interrelationships  between  upper  airflow  and 
surface  rainfall  in  the  tropics 

•  Cold-air  outbreaks —  low-latitude  penetration 
extent  and  associated  weather  phenomena  in 
the  humid  tropics 

•  Upper  tropospheric  vortices  a.id  their  relation¬ 
ships  with  surface  weather,  clouds  and  easterly 
waves 

•  Low-latitude  jet  streams,  their  associated 
turbulence  and  clouds  and  their  possible 
relationship  with  localized  heavy  rains 

•  Relation  between  sea  surface  temperatures  and 
cloudiness,  shower  frequency  and  cyclogenesis 
in  the  tropics 

•  Recognition  of  significant  tropical  weather  types 
and  their  temporal  and  spatial  distributions 

•  Relative  importance  of  horizontal  aivection  and 
vertical  flux  of  water  vapor  in  determining  total 
moisture  content  of  the  air  in  the  tropics 

•  Diurnal  changes  in  low-level  winds  and  temperature, 
along  with  clouds  and  rainfall,  over  both  land  and 
water  in  the  tropics 
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%  Interactions  hi-twopn  hemispheres  during 
different  seasons,  with  particular  attention 
to  the  resulting  weather  effects 


•  Interaction  between  high-  and  low-latitude 
perturbations 

•  The  incidence  of  hot  and  cold  spells  and 
their  relation  to  altitude,  latitude,  cloud 
cover,  humidity,  and  wind 

•  Frictional  stress  and  its  relation  to  vigor  and 
scale  of  tropical  atmospheric  convection  (and 
all  other  vertical  momentum) 

•  Investigation  of  climatic  distributions  as  they 
are  related  to  wind  directions  at  their  gradient 
level 

•  Development  of  a  system  to  express  numerically 
geographic  areas  instead  of  points  in  tropical 
climatology 

5.  Problems  Limiting  Research 
a.  Data  Availability 

Professor  H.  P.  Bailey,  University  of  California,  Riverside, 
has  the  following  to  say  regarding  the  state  of  climatic  data: 

"Knowledge  of  weather  and  climate  is  gathered,  transmitted, 
analyzed,  and  learned  in  numerical  form  to  a  greater  degree  than  is 
true  of  most  other  aspects  of  the  physical  environment.  Furthermore,  | 

it  is  also  true  of  most  aspects  of  atmospheric  behavior  that  the  data 
fall  under,  or  are  approximated  by,  the  Gaussian  distribution  curve. 

Thus,  the  arithmetic  mean  is  a  useful  indicator  of  central  tendency; 
also,  in  the  humid-tropical  environment,  means  are  stabilized  by  per¬ 
iods  of  record  short  in  comparison  to  those  required  in  higher  lati¬ 
tudes.  It  follows  that  the  predictive  value  of  the  climatic  record,  in 
whatever  form  it  is  presented  —  means,  frequencies  or  extremes  — 
is  optimal  in  the  humid-tropical  environment. 

"The  most  important  advance  in  climatology  in  the  last  30  years 
has  been  the  development  of  electronic  summarizing  equipment,  which 
allows  the  recall  and  ordering  of  daily  or  even  hourly  weather  data 
according  to  the  needs  of  specific  inquiries.  A  large  amount  of  experi¬ 
ence  in  military  needs  relative  to  the  weather  factor  in  planning, 
equipment,  strategic  and  even  tactical  operations  has  shown  that  such 
needs  are  best  satisfied  by: 


:;i)  Specifying  ine  problem 

"2)  Interpreting  that  problem  in  terms 
of  the  weather  factors  involved 

”3)  Determining  the  frequency  and  severity  of 
those  weather  factors  by  summarization  of 
weather  records  by  electronic  equipment 
from  a  suitable  run  of  daily  observations 

"4)  Making  a  decision  based  upon  such  specific  information 

rather  han  relying  upon  generalities  derived  without  refer¬ 
ence  to  the  military  needs  under  examination 

"Thus,  it  follows  that  the  most  important  aspects  of  the  state  of 
knowledge  relative  to  the  weather  and  climate  factors  in  military 
planning  are  related  to  (1)  the  existence  of  weather  records  in  the 
areas  of  concern,  (2)  the  conversion  of  those  records  to  punched 
cards,  magnetic  tapes  or  other  forms  of  electrical  storage,  and  (3) 
the  facilities  to  process  such  encoded  information.  This  knowledge 
is  'live,'  flexible  and  subject  to  enrichment  and  collation  in  contrast 
to  published  sources  of  climatic  information  which  are  'dead,'  inflex¬ 
ible  and  beyond  recall. 

"It  is  of  the  greatest  importance,  therefore,  to  determine  the 
status  of  original  records,  the  degree  to  which  they  have  been  encoded 
for  electronic  processing  equipment,  and  the  programs  that  have  been 
developed  for  their  interpretation.  The  facilities  of  the  National  Wea¬ 
ther  Records  Center  at  Ashville,  North  Carolina,  are  the  center  of 
such  information.  However,  a  considerable  lead  time,  as  well  as 
essential  funding,  is  needed  when  deficiencies  are  discovered  in  any 
part  of  the  chain  described  in  the  preceding  paragraphs.  For  a  proper, 
useful  and  complete  estimation  of  the  state  of  knowledge  of  weather 
and  climate  of  the  humid  tropics,  it  is  thus  necessary  to  think  not  only 
in  terms  of  the  inventory  of  weather  records  but  the  actual  state  of 
facilities  and  personnel  needed  to  process  such  records  for  repeated, 
carefully  specified,  properly  interpreted  climatic  analyses.  The 
required  'state  of  knowledge'  thus  has  an  important  operational  dimen¬ 
sion  as  well  as  a  library  dimension."* 

The  density  of  the  data -collecting  network  is  far  below  the 
desired  isvel  in  many  nations  in  the  tropics.  Raw  data  for  metec- ologicai 
and  climatological  studies  are  available  today  at  most  national  weather  head¬ 
quarters  in  the  tropics,  but  many  of  the  data  are  unreliable.  Data  are  avail¬ 
able  only  at  numerous  individual  centers  rather  than  at  a  central  bank.  The 
expense  in  time  aid  money  of  gathering  the  local  data  in  the  proper  form  for 
the  researchers'  specific  needs  is  frequently  a  formidab’e  barrier. 


♦  Bailey,  H.  P. ,  1966:  Personal  Correspondence  dated  11  February. 
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The  inadequacy  of  the  observing  network  in  the  humid  tropics 
is  shown  in  Table  12.  The  total  number  of  weather  stations  in  a  country,  as 
well  as  the  area  of  the  country,  is  presented  in  order  to  give  an  indication  of 
density.  Countries  with  the  least  density  of  operating  weather  stations  are 
shown  at  the  beginning;  those  with  the  greatest  density,  at  the  end.  Also,  the 
data  for  several  extratropical  countries  are  included  for  purposes  of  com¬ 
parison.  If  these  established  and  functioning  observing  networks  are  used  as 
a  guide,  absolute  minimum  coverage  is  not  available  in  the  humid  tropics 
except  for  those  countries  listed  in  the  table  as  following  Kenya.  Distri¬ 
bution  and  type  (surface  or  upper  air)  of  existing  weather  stations  throughout 
the  various  regions  is  a  critical  problem  not  treated  here  but  which  must  be 
evaluated  prior  to  locating  any  new  facilities.  Weather  station  locations  tend 
to  be  concentrated  around  centers  of  population,  industry  and  transportation, 
which  may  or  may  not  satisfy  the  requirements  of  needed  meteorological 
and  climatological  research. 
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Table  12 

WEATHER  STATIONS  OPERATING  IN  THE  HUMID  TROPICS* 


Count  ry 

No.  of 

Stations 

Area  of  Country 
(sq  mi) 

Density 

Factor 

Liberia 

1 

43, 000 

1 

Chad 

16 

495,800 

3 

Angola 

18 

481, 351 

4 

Costa  Rica 

1 

19,960 

5 

Sudan 

53 

967, 500 

5 

V  enezuela 

19 

352, 051 

5 

Guatemala 

2 

42, 032 

5 

Brazil 

182 

3,286, 342 

5 

Pe  ru 

32 

506, 058 

6 

Bolivia 

27 

424, 060 

6 

British  Guiana 

5 

82, 990 

6 

Upper  Volta 

7 

105,839 

7 

Laos 

7 

91,  000 

7 

Nigeria 

28 

367, 341 

8 

N.  Rhodesia 

23 

288,  130 

8 

Congo 

81 

1, 037, 381 

8 

Ivory  Coast 

11 

124, 503 

9 

Nicaragua 

5 

57,  128 

9 

Colomb’a 

41 

439,716 

9 

Indonesia  and  Malaysia 

66 

626, 573 

in 

French  Guiana 

4 

34, 740 

1  i 

M  izambique 

34 

297,846 

11 

♦  From  H.  O.  Pub.  No. 

"119,  "Weather 

Station  Index,  "  U.S.  Naval 

Oceanographic  Office,  USGPO,  Washington,  D.  C. 
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No.  of 

Area  of  Country 

Density 

Country 

Stations 

(sq  mi) 

Factor 

Rhodesia 

16 

150, 333 

11 

Malagasy 

27 

227, 800 

12 

Paraguay 

21 

157, 006 

13 

Ecuador 

14 

104,479 

13 

Gabon 

14 

103, 100 

14 

Panama 

4 

28,745 

14 

S.  Vietnam 

10 

65,  948 

15 

Cameroon 

32 

183, 333 

17 

Cambodia 

10 

54, 000 

18 

Honduras 

9 

43,  232 

21 

Togo 

5 

22, 200 

22 

Rwanda 

3’< 

20,  915 

24 

Burundi 

2  1 

Kenya,  Tanzania,  Uganda 

55 

224,600 

24 

Puerto  Rico,  Virgin  Islands 

9 

3,  566 

25 

Pakistan 

98 

364,737 

27 

India 

362 

1,259,991 

28 

Haiti 

3 

10,692 

28 

Thailand 

56 

198, 500 

29 

Surinam 

16 

55, 145 

29 

Malaysia 

15 

51,  000 

29 

Central  African  Republic 

79 

238, 224 

33 

British  Honduras 

3 

8,863 

34 

El  Salvador 

3 

8,  257 

36 

Solomon  Islands 

6 

15,820 

38 

Dominican  Republic 

8 

18,810 

43 

Philippines 

57 

1 15,  000 

49 
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Country 

No.  of 
Stations 

Area  of  Count-y 
(sq  mi) 

Density 

Factor 

Cuba 

24 

44, 205 

54 

West  New  Guinea 

54 

94,430 

57 

Ceylon 

20 

25, 332 

79 

New  Hebrides  Islands 

5 

5,  700 

88 

Jamaica 

6 

4,408 

136 

Fiji  Islands 

15 

7,  055 

213 

Taiwan 

36 

13,885 

259 

Martinique  and  Vicinity 

2 

425 

472 

St.  Lucia  Island, 

St.  Vincent  Island 

5 

383 

1299 

Information  for  several  extratropical  countries  is  provided  below 
for  comparative  purposes: 

United  Sta'.es 
(Continental) 

1,  125 

3,675,633 

31 

Norway 

86 

125, 064 

69 

Sweden 

189 

173,622 

10d 

F  ranee 

156 

212,822 

73 

West  Germany 

220 

95,923 

229 

Italy 

152 

116, 303 

131 

TOTAL  STATIONS 

1,691 

TOTAL  LAND  AREA  12,451,400 

Note:  Australia,  Mexico  and  China  (Peoples  Republic  of) 
are  not  included  because  of  incomplete  stations  and 
area  determination. 
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b.  Coding,  Description,  Models 

The  lack  of  a  special  coding  and  descriptor  language  for 
tropical  weather  phenomena  is  a  serious  handicap  to  research.  Ragha van  reports: 


"Gaps  exist  in  detailed  cloud  information,  net  radiation 
data  and  evaporation  data.  Without  these,  we  can  hardly  establish  which  pro¬ 
cesses  are  operative,  much  less  understand  them.  We  also  lack  adequate 

4  y  / 

synoptic  models  based  on  careful  observation  and  physical  reasoning.  " 


c.  Instrumentation 


The  lack  of  adequate  instrumentation,  calibration  procedures 
and  training  of  personnel  contributes  to  the  inaccuracies  of  data.  A  much 
higher  accuracy  of  measurement  is  required  in  the  humid  tropics. 

An  additional  problem  for  research  deals  with  the  evaluation 
of  radiosonde  data.  A  thorough  discussion  of  the  problem  is  contained  in  a 
speech  given  by  Koteswaram,  Indian  Meteorological  Service,  at  a  conference 
on  Tropical  Meteorology  at  Asbury  Park,  New  Jersey,  May  10-11,  1962.  ^ 

His  remarks  indicated  that  some  solution  must  be  found  to  the  problem  of 
evaluating  radiosonde  data  discrepancies  before  any  significant  progress  can 
be  made  in  tropical  meteorology.  Proper  calibration  of  the  instrument  prior 
to  release  and  a  carefully  monitored  run  will  do  much  to  alleviate  the  dis¬ 
crepancies.  It  is  doubtful  that  the  monies  presently  available  to  the  tropical 
areas  can  provide  a  new  instrument  with  more  sensitive  sensors,  but  the 
project  is  worth  considering  because  of  the  minimum  variations  in  the  pressure 
temperature  and  humidity  of  the  upper  atmosphere.  I 

d.  Personnel  and  Equipment  j 

I 

The  understaffed,  unde  requipped,  poorly  organized  state  of  j 

many  tropical  national  meteorological  services  is  a  deterrent  to  good  results  ; 

in  analysis,  forecasting,  climatological  studies,  and  research.  When  queried  f 

on  the  major  problems  facing  the  investigation  of  tropical  meteorology.  Pro¬ 
fessor  R.  A.  Bryson,  University  of  Wisconsin,  Center  for  Climatic  Research,  ; 

gave  the  opinion  that  "qualification  of  personnel  and  methodology"  are  major  ; 

factors  of  a  barrier  nature.  He  stated:  ’ 


i 

i 


"There  are  too  :ew  people  working  in  the  field,  the  data  are 
generally  not  for  the  important  parameters  and  the  data  are  not 
collected  in  a  form  to  reflect  the  sensitive  factors.  For  example, 
the  difference  between  light  rain  or  none  and  heavy  rain  is  often 
due  to  slight  differences  in  initial  stability.  The  only  sufficiently 
sensitive  indicator  of  these  subtle  differences  is  the  clouds  them¬ 
selves;  yet  the  cloud  form  is  not  accurately  reported,  is  coded  into 
very  gross  groups.  .  .  .  "* 


♦  Bryson,  R.A.,  1966:  Personal  C or  re spondence  dated  29  March. 
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Acquisition  of  weather  and  climatic  information  has  dete¬ 


riorated  in  the  Caribbean  area  in  the  past  few  years  due,  in  part,  to  lack 
of  equipment  and  personnel.  For  example,  many  noted  atmospheric 
scientists  have  migrated  from  Cuba.  In  addition,  upper-air  soundings  are 
no  longer  taken  above  Cuba  because  the  U.S.  Department  of  State  has  halted 
the  U.S.  Weather  Bureau's  shipment  of  radiosonde  units,  balloons  and 
helium  for  these  measurements.  Formerly,  this  equipment  was  available 
from  the  Weather  Bureau  at  no  cost.  Upper-air  data  from  Havana  and  Camaguey 
were  probably  of  greater  advantage  to  U.S.  meteorologists  than  to  Cuba.  In 
this  area  and  in  others,  there  is  a  distinct  need  for  an  increase  in  station 
density  in  order  to  increase  data  inputs.  Ship  stations  or  automatic  self¬ 
monitoring  stations  are  essential  to  data  collection  in  or  near  hostile  areas. 

The  Radar  Meteorological  Laboratory  at  the  University  of 
Miami,  Coral  Gables,  Florid?,  needs  additional  and  better  equipment  for 
its  radar  program  to  get  a^eal  patterns  of  "point"  weather  data.  Such 
requirements  include  a  video  tape  recorder  to  study  the  quantitative  pattern 
of  turbulence  and  an  S-band  radar  with  20-ft  reflector  to  permit  narrow' 
beam  (10  cm  wv)  of  1°  beamwidth  to  eliminate  atmospheric  attenuation. 


r 


e.  Financing 

Lack  of  funds  and  their  unequal  distribution  are  among  signifi¬ 
cant  problems  deterring  an  adequate  meteorological  operation.  Careful 
planning  in  the  distribution  and  application  of  monies  by  WMO  or  other  quali¬ 
fied  international  organizations  can  provide  for  a  scheduled  closing  of  the  gap 
in  making  data  of  the  tropics  available,  distributing  it  and  providing  the  per¬ 
sonnel  and  equipment  to  process  it. 

Many  promising  research  ideas  may  have  been  allowed  to 
stagnate  because  funds  were  unavailable.  Bryson,  who  has  the  largest 
graduate  meteorology  program  in  the  U.S.  ,  was  asked  why  so  few  students 
at  the  University  of  Wisconsin  are  concerned  with  the  tropical  portion  of  the 
troposphere.  "The  data,"  he  replied,  "are  too  difficult  to  get  and  tor» 
expensive  from  Asheville  (The  National  Weather  Records  Center)  in  addition 
to  the  cost  of  field  operation.  "* 

f.  Problems  of  the  Environmen* 

Where  funds  are  available,  the  researcher  cannot  under¬ 
estimate  the  difficulties  involved  in  carrying  out  research  programs  under 
tropical  conditions.  Portig  reported  that  a  disregard  for  the  difficulties 
inv  ved  in  tropical  working  conditions  caused  the  failure  of  the  German  IGY 
expedition.  ^0  On  this  subject,  Crow  reports:  "Among  the  many  partially 
independent  out  closely  interrelated  factors  involved,  most  of  which  are  out 
of  control  of  the  researcher,  are  transportation  difficulties,  unreliable 
power  sources,  lack  of  suitably  trained  assistants ,  enhanced  corrosion,  and 
the  overall  lethargy  which  affects  personnel  in  tropical  regions.  "30 

* 

Op.  cit.  ,  p.  137 
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According  to  Bargman  and  Johnson,  the  efforts  required  to 
obtain  reasonable  results— even  with  nonelectronic  equipment — are  approxi¬ 
mately  three  times  as  great  in  the  tropics  as  they  are  in  midlatitudes.  While 
this  opinio:>  was  based  on  experience  at  African  locations,  meteorologists  who 
have  workeu  in  Latin  America — such  as  Crow,  Lessman  and  Portig — consider 
the  figure  an  understatement  ,  with  even  such  a  factor  as  pilferage  playing 
a  major  role  in  these  areas. 


6.  Major  Controversies 


Major  theoretical  controversies  appear  to  be  absent  from  the 
fields  of  tropical  meteorology  and  climatology,  but  there  are  some  minor  areas 
of  disagreement.  In  some  instances,  the  disagreement  may  stem  not  from  a 
particular  research  problem  but  from  the  methods  by  which  it  was  approached. 
For  example,  Weickmann,  in  the  production  of  atmospheric  charts,  reduced 
data  from  the  850-mb  level  to  sea  level.  Bargman  failed  "to  find  any 
physical  significance  in  the  reduction  from  the  general  850-mb  level  over 
continental  Africa  and  over  the  higher  parts  of  continental  Asia  to  sea  level 
in  the  production  of  these  charts."  He  added  that  he  found  the  correlation  of 
the  850-mb  level  over  the  continent  with  sea  level  over  the  ocean  "physically 
distressing.  " 

Other  differences  of  opinion  occur  on  the  value  of  data  derived 
from  equipment  now  in  use  in  the  tropics.  For  example,  Lally  states  that 
"the  radiosonde  is  the  single  most  important  meteorological  instrument,  "31 
but  a  recent  study  indicates  that  "radiosonde  ascents  in  the  Caribbean  do  not 
satisfy  the  requirements  of  the  forecaster  nor  of  the  research  worker. 

R.  H.  Simpson  of  the  U.S.  Weather  Bureau  (Meteorological  Research), 
Washington,  D.  C.  ,  raises  the  pessimistic  possibility  that  radiosonde  obser¬ 
vations  aie  not  being  correctly  interpreted.  Other  differences  of  opinion 
exist  on  such  subjects  as  the  genesis  of  hurricanes  ^2  and  the  structure  of 
the  intertropical  convergence  zone  (ITC). 

The  differences  of  opinions  referred  to  above  cannot  be  con¬ 
sidered  major  controversies.  Differences  of  interpretation  often  occur 
because  of  the  inadequacy  of  data,  and  scientists  are  unwilling  or  unable 
to  take  a  firm  theoretical  stand. 


Today's  most  significant  theoretical  controversy  in  tropical 
meteorology  concerns  easterly  waves.  Questions  related  to  easterly  waves 
have  been  abundant  in  current  lit*  rature.  Several  types  of  disturbances 
within  the  tropics  produce  the  same  surface  expression  but  are  quite  different 
aloft.  The  ability  of  these  systems  to  penetrate  into  the  upper  atmosphere  and 
their  expression  aloft  are  important  to  their  ability  to  sustain  themselves. 
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Other  points  of  controversy  include  the  number  of  type-'  of  easterly  waves, 
their  characteristics  and  whether  certain  types  are  confined  to  specific 
geographic  areas.  Pacific  meteorologists  say  that  easterly  waves  never 
deepen,  into  hurricanes  and  that  they  are  completely  independent  of  each  other. 
Others  such  as  J.C.  Sadler  of  USAFCRL  have  even  questioned  the  existence 
of  the  easterly  wave  as  a  self-sustaining  sys  em.^® 

Bryson  reports  that  "  .  .  .practically  all  research  papers  on 
the  subject  (of  easterly  waves)  limit  their  concern  to  'the  10 strongest  of  the 
season'  or  'only  those  which  generated  tropical  storms.'  This  is  like  trying 
to  describe  the  embryo  by  looking  only  at  adults  .  .  . 

Atlantic  meteorologists  contend  that  certain  types  cf  easterly 
waves  deepen  into  hurricanes.  R.  H.  Simpson  thought  that  Sadler  had  been 
misquoted  and  that  the  easterly  wave  definitely  did  exist.  ^  This  statement 
was  then  rebutted  by  several  tropical  meteorologists  .  ^5,  ^  Merritt  has 

partially  settled  the  controversy  in  favor  of  Simpson.  ^  It  is  known  that 
certain  types  of  easterly  waves  extend  into  the  upper  levels  of  the  atmosphere 
and  t'.at  they  are  self-sustaining.  ^7  However,  still  unanswered  are  other 
questions:  how  many  types  of  easterly  waves  exist?.  .  .are  certain  types  found 
only  in  specific  geographic  areas  and  why?.  ..why  do  some  extend  aloft  and 
not  others?  These  questions  and  the  overall  easterly  wave  problem  are  yet 
to  be  resolved. 

At  present,  there  is  controversy  in  tropical  Africa  as  to  the 
best  method  of  calculating  and  measuring  potential  evapotranspiration,  be  it 
the  radiation-income  method,  the  aerodynamic  approach  or  a  combination 
of  both.  A  discussion  of  these  problems  may  be  found  in  a  report  given  by 
J.S.G.  McCulloch  at  the  Inter-African  Conference  on  Hydrology  at  Nairobi 
(CCTA,  1961). 

"Many  controversies,"  reports  Bryson,  "stem  from  the  size 
of  the  tropics  and  the  local  viewpoint  of  the  investigator.  For  example,  to  go 
back  to  pre-WWII  days,  the  Japanese  said  there  were  'fronts’  in  typhoons,  and 
the  Philippines  said  there  were  not.  The  Japanese  used  their  ship  and  small 
island  observations  and  the  Philippines  used  mountainous  island  observations. 
Even  if  there  were  'fronts'  over  the  sea,  they  couldn't  have  been  seen  over 
the  rough  islands." 

7.  Field  and  Laboratory  Techniques 

Methods  for  observing  and  measuring  tropical  meteorological 
phenomena  are  essentially  the  same  as  those  employed  in  extratropical  areas. 
Although  equipment  may  vary  from  station  to  station,  country  to  country,  etc.  , 
the  variation  is  not  critical  unless  the  international  technical  specifications 
for  this  equipment  have  been  ignored. 

$ 

Op.  cit.  ,  p.  137 
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Rocket  probes,  radar  and  meteorological  satellites  are  helping 
to  expand  knowledge  of  weather  phenomena.  Rocket  probes  and  radar,  while 
adding  valuable  information  on  particular  areas  within  and  especially  on  the 
periphery  of  the  humid  tropics,  are  not  widely  used  in  tropical  areas  due  to 
lack  of  local  funds  and  technical  capabilities.  Data  derived  from  meteoro¬ 
logical  satellites  do  not  receive  wide  dissemination  in  the  tropics  and,  at 
present,  are  not  available  to  aid  forecasting  in  a  greater  portion  of  the  area. 

Proper  measurement  of  meteorological  phenomena  requires 
training  and  constant  checking  of  procedures.  Instrumentation  requires 
periodic  calibration  and  servicing.  The  minimal  meteorologically  significant 
variations  in  meteorological  parameters  require  close  adherence  to  these 
requirements.  ^  A  difference  in  calibration  technique  by  two  observers  may 
amount  to  as  much  as  three  to  five  times  the  variation  which  actually  exists 
between  two  stations — or  even  at  the  same  station  during  two  separate 
recording  periods.  The  coding  of  meteorological  data  is  another  serious 
problem  which  is  illustrated  as  follows: 

"The  synoptic  code  assigns  two  figures  C  =  3  and  C  =  9 

L  X-j 

to  cumulonimbus  (Cb).  Neither  figure  specifies  whether 
there  is  just  one  Cb  or  many  Cb's  all  over  the  sky,  whether 
it  is  (they  are)  isolated  or  accompanied  by  cumulus,  strato- 
cumulus,  stratus  or  cirrus  as  the  plain  language  specifi¬ 
cations  say  (U.S.  Weather  Bureau,  1955).  The  difference 
between  the  number  3  and  the  number  9  refers  only  to  the 
fibrosity  of  the  Cb's  top.  " 

Since  Cb  clouds  are  more  common  in  lower  latitudes  than  in  high  latitudes, 
the  information  given  by  the  synoptic  codes  is  insufficient.  Lack  of  essential 
features  and  inadequate  description  greatly  reduce  the  value  of  the  obser¬ 
vation  to  the  forecaster.  At  a  recent  conference  on  tropical  meteorology, 

Dunn  (U.S.  Weather  Bureau)  stated:  "I  challenge  anyone  to  take  the  plotted 
land  observations  from  Central  and  South  America  and  the  Caribbean  and 
consistently  and  accurately  locate  the  ITC  (intertropical  convergence  zone). 
The  cloud  and  weather  code  simply  don't  tell  us  what  the  sky  looks  like."  H 
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Bryson  feels  that  the  structure  of  the  ITC  could  he  established  with  a  co¬ 
ordinated  aircraft  observation  program.  *  He  agrees  with  Dunn  that 
calculations  from  widely  s  attered  standard  station  observations  will  never 
establish  ITC  structure. 

High-iatitudc  analysis  techniques  also  have  been  adapted  from 
other  areas  tor  tropica',  use.  The  lso^aric  method  was  borrowed  from  mid- 
iatitude  meteorology  and  is  widely  used  in  trie  tropics.  The  streamline 
technique  which  is  also  being  used  in  tne  tropics  gives  better  definitions  of 
tropical  weather  but,  to  be  done  correctly,  is  time-consuming.  Isobaric 
analysis  is  difficult  in  many  areas  of  the  tropics  due  to  small  pressure 
variations  between  stations,  the  inaccuracy  of  surface  air  pressure  measure¬ 
ments  and  the  lack  of  a  standard  technique  for  reducing  upper  air  pressures 
to  the  surface. 

Communications  systems  for  data  collection  within  a  region 
and  for  exchange  betw'een  regions  are  inadequate.  Whereas  the  relative 
importance  of  long-range  forecasting  has  been  as  great  as  in  most  extra- 
tropical  areas,  this  problem  of  long-range  forecasting  becomes  increasingly 
critical  as  more  industrial  and  aeronautical  agricultural  development  takes 
place.  Data  from  the  tropical  areas  are  extremely  important  to  any  global 
weather  analysis  and  forecasting  system.  At  present,  there  is  an  insufficient 
exchange  of  information  between  regions  or  from  the  tropics  to  midlatitude 
areas  to  allow'  accurate  long-range  forecasts.  When  one  compares  the  system 
of  communications  in  the  northern  hemisphere  with  the  accuracy  achieved  in 
long-range  weather  prediction,  one  begins  to  realise  the  vastness  of  the 
problem. 


D.  AVAILABILITY  OF  DATA 

Information  concerning  the  weather  and  climate  of  the  humid 
tropics  comes  in  various  forms  and  from  many  types  of  sources  including 
depositories,  research  institutions,  conference  reports,  and  authoritative 
personnel. 

i.  Amount  and  Type  Available 

In  comparison  with  atmospheric  research  of  other  areas  of 
the  world,  humid  tropical  coverage  may  be  described  as  iimi'cd.  ’Weather 
and  climatic  studies  on  the  humid  tropic#  are  about  half  the  number  of  polar 
studies. 


4* 
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Research  material  has  been  encountered  in  several  foreign 
languages.  Usually,  important  published  reports,  books  or  articles  have  been 
reviewed  and  abstracted  in  U.S.  professional  journals  such  as  Meteorological 
and  Geoastrophysicai  Abstracts,  a  monthly  publication  of  the  American  Meteoro¬ 
logical  Society.  Climatological  information  has  been  found  either  in  the  form 
of  actual  studies  iss^d  by  the  meteorological  services  of  the  various  coun¬ 
tries  or  in  reference  bibliographies  such  as  the  U.S.  Weather  Bureau's 
Annotated  Bibliography  of  Climate  and  Annotated  Bibliography  of  Climatic 
Maps.  Appendix  B  (Principal  Depositories)  of  this  compendium  should  be 
consulted  to  determine  the  amount,  type  and  availability  of  weather  climatic 
research  materials  located  at  depositories  containing  outstanding  holdings, 
either  quantitatively,  qualitatively,  or  both. 

2.  Special  Information  Sources 

Sources  of  information  in  addition  to  depositories  consist  of 
national  and  international  research  institutions,  agencies,  organizations,  and 
authoritative  personnel  who  have  done  significant  research  in  the  local  area. 

a.  Institutions  and  Agencies 

Organizations,  agencies  and  research  institutions  engaged  in 
specialized  investigations  of  humid -tropical  weather  and  climate  may  be  found 
in  a  separate  report  entitled  A  Directory  of  Institutions  Primarily  Devoted  to 
Humid  Tropic  Research  which  was  published  in  October  1965  by  McGill  Uni¬ 
versity  for  the  U.  S.  Army  Research  Office  and  the  IGU.  ^ 

High'  /  specialized  holdings  by  organizations  that  act  as 
depositories  of  weather  and  climate  materials  may  be  found  in  Appendix  B 
of  this  compendium. 


Special  agencies  containing  data  in  an  EAM  format  for  storage 
and  rapid  information  retrieval  do  not  specialize  in  humid  tropic  areas.  The 
National  Weather  Records  Center  and  the  Data  Control  Division,  Climatic 
Center  of  the  Air  Weather  Service ,  both  located  at  Asheville,  N.  Carolina,  and 
the  Meteorological  Office,  Bracknell,  U.K.,  contain  essentially  domestic  data 
but  do  have  materials  on  punch  cards,  microcards,  microfilm,  etc.,  con¬ 
cerning  the  tropics.  An  inventory  of  the  surface  and  upper  air  data  available 
at  these  two  U.S.  depositories  is  available  from  the  U.S.  Weather  Bureau 
(ESSA).  Their  holdings  consist  of  uniform  summaries  of  surface  and  upper 
level  weather  observations. 

A  catalog  of  all  NIMBUS  radiometer  observations  is  available 
from  the  Goddard  Space  Flight  Center,  Greenbelt,  Maryland. 
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A  comprehensive  annotated  bibliography  on  climate  is  contained 
in  "An  Annotated  Bibliography  of  Ctimatic  Maps"  and  "An  Annotated  Biblio¬ 
graphy  on  the  Climate"  published  by  the  Foreign  Section  of  the  Office  of  Clima¬ 
tology,  U.S.  Weather  Bureau.  These  record  all  known  published  information. 
Useful  studies  and  summaries  in  clouds,  evaporation,  precipitation,  pressure, 
humidity,  temperature,  and  wind  are  carefully  referenced  and  indexed  and 
sources  are  given.  A  listing  of  these  bibliographies  with  identification  numbers 
is  given  in  Table  13. 

b.  Authorities 

Authorities  who  may  be  considered  as  information  sources  of  an 
interview  nature  are  listed  in  both  a  matrix  and  directory  in  Appendix  A 
(Authorities)  of  this  compendium.  They  have  been  selected  primarily 
on  the  basis  of  their  research  and/or  residence  in  the  local  humid  tropical 
areas. 


3.  KWIC  (Keyword  in  Context)  Index 

Volume  I  of  this  inventory,  KWIC  Index  —  Humid  Tropic  Envi¬ 
ronmental  Literature  (AD-625-426),  contains  the  bibliography  that  was  col¬ 
lected  at  domestic  and  foreign  depositories.  Documents  of  military 
significance  and  scientific  value  are  indicated.  Materials  were  derived 
primarily  from  the  literature  of  the  geographic,  earth,  atmospheric, 
and  biological  sciences. 

The  literature  was  classified  into  the  following  categories 
based  on  program  specifications: 

•  Weather,  General 

—  precipitation 

—  cyclones 

—  hurricanes 

—  typhoons 

—  storms  (including  monsoons) 

—  micrometeorology 

—  temperature 

—  wind 

—  solar  radiation 

•  Climate,  General 

—  climatic  regions,  classification 

—  climatic  regions,  delimitation 

—  weather  services 

—  upper-air  information 

These  topics  may  be  consulted  via  their  code  numbers  for  each 
area  required  in  Section  E  of  Volume  I. 
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Table  13 

BIBLIOGRAPHY  FOR  CLIMATIC  STUDIES 
(U.  S.  Weather  Bureau) 


Publication  No. 

Country 

Research  Completed 

' 

WB/BC-1 

*Brit.  East  Africa  (also  #7) 

1955 

WB/BC-2 

^Cabinda 

- 

WB  /DC -3 

*Cameroons 

WB/BC-4 

^French  Equatorial  Africa 

WB/BC-5 

*Peru 

WrB/BC-6 

*Rio  Muni  and  Golf  of  Guinea  Is. 

WB/BC-7 

*Brit.  East  Africa  II  (also  #1) 

s 

WB/BC-8 

*  Angola 

1956 

\ 

l 

WB/BC-11 

^Belgian  Congo 

l 

i 

5 

WB/BC-13 

^Colombia 

> 

i 

WB/BC-14 

*Costa  Rica 

1 

f 

WB/BC-15 

-"Ecuador  (also  #24) 

1 

2 
i 

3 

WB/BC-16 

•^Guatemala 

| 

1 

WB/3C-17 

Honduras 

I 

WB  /BC-19 

^Federation  of  Rhodesia  and  Nyasaland 

| 

5 

In  manuscript  form  and  on  microfilm  (MF)  fa 


Note:  Intermediate  numbers  are  assigned  to  non  Humid  Tropic  areas 


s 


s 


Publication  No. 
WB/BC-20 

WB/BC-21 

WB/BC-22 

WB/BC-24 

WB/BC-26 

WB/BC-27 


Country 

"Panama  (revised  by  #75) 
-Salvador 

"Venezuela  (also  #27) 
-Ecuador  II  (also  #15) 
-Panama  II  (revised  by  #75) 
-Venezuela  II  (also  #22) 


Research  Completed 
1956  (coitd) 


WB/BC-29  -Guiana s  (Brit.  ,  French,  Dutch)  1957 

WB/BC-30  "Indochina  (also  #38) 


WB/BC-36  Cuba  1958 

WB/BC-38  Indochina  II  (also  #30)  (not  on  MF) 


X~  ( 


WB/BC-44  *  Australia  (not  on  MF)  I960 

WB/BC-47  South  Pacific  Islands 


WB/BC-48  Brit.  Honduras  (revised  by  #52)  1961 

WB/BC-51  So.  Indian  Ocean  Is.  (revised  by  #70) 


-  In  manuscript  form  and  on  microfilm  (MF) 
Revised  means  brought  up  to  date 
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Publication  No, 

WB/BC-52 

Table  1 3  (Contd. ) 

Country 

Brit.  Honduras  (revised) 

Research  Completed 

1962 

WB/BC-54 

China  (Formosa) 

WB/BC-55 

Macao 

WB /BC-56 

Hong  Kong 

WB/BC-62 

The  Dominican  R  epublic 

WB/BC-63 

Nicaragua 

WB/BC-64 

British  Borneo 

WB/BC-70 

Indian  Ocean  Islands  (revised) 

1963 

WB/BC-74 

Bolivia 

WB/BC-75 

Panama  and  Canal  Zone  (revised) 

WB/BC-79 

French  West  Indies 

1964 

WE/BC-80 

Sudan 

WB  /BC-86 

Macao  (revised) 

1965 

WB/BC-87 

WB/BC-88 

South  China 

North  Vietnam 

WB/BC-90 

Republic  of  Vietnam 

1966 

Revised  means  brought  up  to  date 
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Table  13  (Contd.  ) 

BIBLIOGRAPHY  OF  CLIMATIC  MAPS 


Publication  No. 

Country  Research 

r  .\npleted 

WB/BM-6 

♦Mexico  (revised  by  #59) 

1958 

WB/BM-7 

WB/BM-8 

♦Southwest  Pacific  Ocean 

Western  Pacific  Ocean 

WB/BM-12 

Pakistan  (revised  by  #45) 

1959 

WB/BM-16 

Australia 

i960 

WB/BM-18 

Indochina  (to  be  revised) 

WB/BM-23 

Formosa,  Hong  Kong  and  Macao  (see  #41) 

WB/BM-24 

Nigeria  and  Brit.  Cameroons 

WB/BM-27 

Cuba 

1961 

WB/BM-30 

China  (mainland) 

WB/BM-38 

Colombia 

1962 

WB/BM-39 

Indonesia 

WB/BM-40 

Fed.  of  Rhodesia  and  Nyasaland 

WB/BM-41 

China  (Formosa),  Hong  Kong  and  Macao  II  (see  #23) 

WB/BM-43 

Sudan 

WB/BM-44 

WB/BM-45 

WB/BM-46 

Tanganyika 

Pakistan  (revised  by  #71} 

Nicaragua 

In  manuscript  form 

Revised  means  brought  up  to  date 
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Table  13  (Cotitd.  ) 


Publication  No. 

Country 

Research  Completed 

WB/BM-47 

Bolivia 

WB/BM-50 

Angola 

WB/BM-56 

Mozambique 

1963 

WB/BM-59 

Mexico  (revised) 

W3/BM-60 

Burma 

WB/BM-65 

India 

1964 

WB/BM-7  0 

Paraguay 

1965 

♦ 

WB/  Bivi-7  1 

Pakistan  (revised) 

WB/BM-72 

Ceylon 

Revised  means  brought  up  to  date 
[Burma,  India  (revised)  in  press] 

v 

a 
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4.  Additional  Information  Sources 


•  Barbados 

The  Beilairs  Research  Institute  of  McGill  Univeristy 
conducted  a  project  on  the  Waterford  area  for  a  period  of  if 
years.  The  results  were  published  m  August  I960. 

•  Bolivia 

The  Bolivian  Meteorological  Service  publishes  an 
annual  "Bulletin  of  Statistics"  containing  data  on  standard 
meteorological  parameters. 

•  Brazil 

Brazil's  Department  of  Water  and  Electrical  Energy 
has  collected  precipitation  data  for  some  200  stations.  The 
Brazilian  Meteorological  Service  has  published  the  "Atlas 
Climatologico  do  Brasil"  consisting  of  several  large  volumes 
of  statistical  data. 

o  Martinique 

The  National  Institude  of  Statistics  of  France  has 
published  a  climatological  study  with  data  in  "Annuaire  de 
la  Martinique"  (1952-1956).  and  J.  Cherbonnier  published 
a  paper  in  1963  entitled  "Essai  de  classification  des  Differents 
Climats  de  la  Martinique  d'apres  les  Methodes  de  Thornthwaite" 
available  through  the  National  Meteorological  Service  of  France. 

•  Central  African  Republic 

The  French  Equatorial  African  Service  Me'teorologique 
published  in  1954  the  "Resume  Mensual  de  Temps  en  A.  E.  F.  " 
which  is  a  good  summary  of  meteorological  statistics. 

•  Fernando  Poo 

The  Great  Britain  Meteorological  Service  has  published 
a  regional  reference  entitled  "Weather  on  the  West  Coast  of 
Tropical  Africa  from  20°N  to  20°S  including  the  Atlantic  to25cW." 

»  Ghana 

The  Ghana  Meteorological  Service  publishes  "Monthly 
Weather  Report  and  Annual  Summary  of  Observations." 

•  Ivory  Coast 

The  French  West  Africa  Service  Meteorologique  has 
published  "Cote  d'Ivoire  Resume' de  Temps"  for  the  period 
1953-1954. 
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•  Nigeria 


The  British  West  Africa  Meteorological  Service  has 
published  "Preliminary  Notes  on  Rainfall  of  Nigeria  (1956)" 
which  contains  charts  and  tables  for  100  stations. 

•  Portuguese  Guinea 

The  Lisbon  Servicio  Meteorologica  has  published 
rainfall  data  in  "Annua rio  Climatologico  de  Pcrtugal, 

Part  II"  for  the  period  1947-1954. 

•  Sierra  Leone 

The  Sierra  Leone  Meteorological  Service  has 
published  "Statistics  Illustrating  the  Climate  of  Sierra  Leone.  " 

E.  ASSESSMENT  OF  THF.  STATE  OF  KNOWLEDGE 

This  Inventory  has  sought  the  cooperation  of  experts  with  per¬ 
sonal  experience  in  the  humid  tropics  to  review  the  findings  and  offer  opinions 
on  the  state  of  knowledge  of  humid -tropical  weather  and  climate  in  general 
and  in  the  108  regional  and  political  units  (mainly  entire  countries)  identified 
for  the  purposes  of  the  Inventory. 

It  has  been  determined  that  the  experts  regard  the  general  state 
of  knowledge  to  range  between  fair  and  poor,  with  tropical  climatology  not  as 
far  advanced  as  tropical  meteorology.  Their  consensus  is  that  regionally  the 
weather. and  climate  of  the  Caribbean  and  Hawaii  are  best  known.  They  agree 
that  the  weather  of  West  Africa,  East  Africa,  Mexico,  and  Congo  (B),  and  the 
climate  of  Southeast  Asia,  Mexico,  India,  and  the  Philippines  have  been  well 
stuc'.'ed. 


The  analysis  of  opinions  shows  that  none  of  the  experts  claims 
to  have  an  intimate  knowledge  of  weather  and  climate  throughout  the  humid 
tropics  and,  therefore,  in  keeping  with  accepted  scientific  ethics,  each  regards 
himself  qualified  to  rate  only  those  areas  that  he  has  studied  directly  or  in  con¬ 
nection  with  his  topical  investigations. 

The  Inventory  shows  a  preponderance  of  literature  on  weather 
and  climate  of  the  Caribbean,  tropical  Pacific,  India,  and  the  humid  tropics 
in  general.  It  appears,  as  the  experts  have  indicated,  that  these  areas  are 
better  known  than  other  areas  of  the  humid  tropics.  However,  the  state  of 
knowledge  of  some  of  the  other  regions  may  be  better  than  the  Inventory  shows 
or  the  experts  can  certify.  American  participation  in  atmospheric  research 
in  the  humid-tropical  portions  of  the  Western  Hemisphere  accounts  for  greater 
familiarity  with  research  there  than  in  other  regions  and  for  greater  avail¬ 
ability  of  published  results.  Information  on  non-U.  S.  research  activity  decreases 
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with  the  increase  in  amount  that  is  published  in  ioreign  journals  and  books, 
despite  the  growth  ol  international  abstracting  services  intended  to  overcome 
this  obstacle. 


It  is  noted  also  that  local  experts  differ  with  those  consulted  for 
this  project.  For  example,  the  high  rating  given  to  knowledge  of  the  weather 
and  climate  of  India  must  be  balanced  against  the  opinion  of  scientists  working 
continuously  m  that  region  who  enumerate  countless  gaps  in  knowledge.  Simi¬ 
lar  observations  were  made  on  the  opinions  of  American  observers  and  local 
experts  regarding  the  knowledge  of  the  weather  and  climate  of  Hawaii.  In  gen¬ 
eral,  the  weather  and  climate  of  the  humid  tropics  are  not  considered  to  be 
adequately  known. 


H.  P.  Bailey  has  the  following  to  say  regarding  the  state  of 
knowledge  of  the  weather  and  climate  of  the  humid  tropics: 

"The  humid  tropics  are  by  definition  warm  and  wet  places  overall. 
However,  much  more  variability  of  both  temperature  and  rainfall 
occurs,  both  in  time  and  space,  than  is  obvious.  Unlike  midlatitude 
localities,  temperature  is  controlled  more  by  cloudiness  than  season, 
and  the  direction  of  air  flow  is  controlled  more  by  friction  than  by 
regional  pressure  gradients,  because  of  the  necessarily  weak  Coriolis 
influence.  The  latter  fact  prevents  ihe  assumption  that  air  will  move 
as  it  should,  according  to  pressure  gradients,  and  requires  direct 
observation  of  wind  direction  and  wind  speed  at  all  levels.  This 
increased  requirement  for  wind  observation  is  contradicted  by  the  fact 
that  wind- observing  networks  in  the  humid  tropics  are  poor,  thus 
reducing  the  basis  of  successful  weather  forecasting.  Station  records 
are  poor  in  all  respects  throughout  a  large  part  of  tropical  Africa  and 
South  America,  thus  reducing  the  basis  for  climatic  studies  as  well. 

I:A  fact  of  large  importance  in  the  study  of  any  aspect  of  the  humid 
tropics  is  the  hugeness  of  the  area  concerned.  About  40%  of  the  earth's 
surface  lies  between  the  Tropic  of  Cancer  and  Tropic  of  Capricorn,  and 
almost  half  cf  tnat  large  zone  qualifies  as  being  humid  as  well  as  trop¬ 
ical.  As  in  the  midlatitudes,  character  is  given  to  the  weather  of  the 
tropics  by  irregularities  in  the  form  of  disturbances,  some  represent¬ 
ing  a  large  degree  of  organization  of  the  atmosphere  around  centers  or 
troughs  of  low  pressure,  often  sensed  more  accurately  aloft  than  at 
the  surface.  Unfortunately,  the  ultimate  cause  of  such  disturbances 
has  as  yet  not  been  assigned,  and  so  we  do  not  know  whether  tropical 
cyclones,  easterly  waves,  and  the  like  are  spontaneously  generated 
from  external  sources  such  as  the  sun  or  cosmos,  or  represent  reac¬ 
tions  within  the  earth-ocean,  -atmosphere  system.  At  present  we  must 
depend  upon  early  reports  of  weather  disturbances  after  they  have 
formed,  rather  than  true  prediction  of  their  generation. 
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''A  general  statement  about  the  status  of  knowledge  of  tropical  wea¬ 
ther  would  then  necessarily  admit  that  it  is  poor,  in  view  of  the  lack 
of  basic  knowledge  concerning  the  causes  of  tropical  disturbances,  and 
the  sketchy  network  of  observing  stations  typical  of  all  ocean  areas, 
and  large  parts  of  South  America  and  Africa.  In  any  given  area,  first 
action  toward  improving  forecast  services  should  include  study  of  the 
existing  weather  network,  with  the  object  of  supplementation  if  such 
proves  advisable. 

"In  the  case  of  climatic  studies,  an  immediate  return  does  not 
occur  from  enhanced  observational  networks,  f'irst  concern  should  be 
exerted  toward  locating  all  records  of  synoptic  stations  (those  that 
report  weather  for  the  daily  weather  map),  and  converting  them  to  the 
form  of  punched  cards,  or  other  storage  suitable  for  tabulation  by- 
machine. 

"Obviously  in  the  case  of  both  forecast  and  climatic  services,  it 
is  vital  that  personnel  be  trained  and  available  for  the  two  related  but 
essentially  distinct  specializations.  It  follows  that  the  best  estimate  of 
the  status  of  know-ledge  concerning  the  weather  and  climate  of  the 
humid  tropics  involves  the  capabilities  for  weather  forecasting,  and 
weather  record  analysis.  The  status  is  thus  one  more  of  operational 
capability  than  one  of  assessing  the  static  content  of  book  and  periodical. 

"I  believe  that  the  preceding  statements  are  appropriate  to  the 
category  of  weather  and  climate,  perhaps  more  so  than  any  other 
aspect  of  the  tropical  region  for  the  reason  that  numerical  treatment 
is  so  important  in  atmospheric  science.  It  should  also  be  pointed  out 
that  where  conceptual  structures  are  important  in  thinking,  those 
structures  apply  to  the  atmosphere  in  a  more  general  framework  than 
provided  by  political  boundaries.  The  country-  breakdown  which  is  so 
necessary  in  bibliographic  analysis  is  therefore  less  appropriate  in 
the  realm  of  understandings  of  the  humid-tropical  climate.  As  weather 
services  are  organized  by  country,  nevertheless,  it  is  essential  to 
recognize  the  country  unit  as  being  the  basic  source  of  weather  records."* 


^Bailey,  Harry  P.  ,  1966:  Personal  Correspondence  dated  14  March, 
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F.  REVIEW  OF  PRINCIPAL  DEFICIENCIES 


Tropic;*  1  weather  phenomena  are  slighted  in  research  projects 
being  conducted  at  institutions  throughout  the  neotropical  world.  At  those 
institutions  conduct. tig  research  on  tropical  meteorological  and  climatological 
phenomena,  there  is  detinue  emphasis  on  hurricane/ typhoon  research. 

Investigations  reveal  the  following  to  be  primary  factors 
contributing  to  the  ocerall  deficiency  of  tropical  meteorological  and 
climatological  research: 

•  Lack  of  adequate  funds 

•  A  paucity  of  researchers  who  have  lived 
in  the  tropics 

•  Inadequacy  of  the  observational  network 
relative  to  the  requirements  for  inalysis, 
forecasting,  climatological  studies,  and 
research 

•  Lack  of  data 

•  Inadequate  coding  and  desciiption  of 
tropical  weather  phenomena 

•  Lack  of  standardization  of  equipment, 
symbols  and  procedures  and  inadequate 
calibration,  checking  and  maintenance 
of  instrumentation 

Steps  must  be  taken  to  alleviate  these  deficiencies  before 
tropical  atmospheric  research  can  progress  toward  a  state  of  development 
comparable  to  that  exhibited  today  by  midlatitude  and  polar  meteorology 
and  climatology, 

G.  DESIRABLE  OBJECTIVES 

Alleviating  the  deficiencies  just  discussed  requires  an 
integrated  program  for  upgrading  the  basic  level  of  tropical  atmospheric 
research.  The  broader  understanding  of  the  total  tropical  environment 
which  could  result  is  of  utmost  significance,  militarily  and  otherwise. 

Projects  leading  to  realization  of  such  an  objective  are 
important  to  the  regions  involved  and  should  contribute  to  the  development 
of  their  natural  environmental  potential.  This  is  an  objective  in  w'hich  the 
United  States  might  well  be  interested  in  view  of  its  declared  intent  to 
assist  the  developing  nations. 
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As  long  as  the  scientific  community  must  ccpe  with  regional 
deficiencies  in  its  efforts  to  further  research  on  meteorology  end  clima¬ 
tology,  the  advancement  of  the  atmospheric  sciences  is  seriously  hindered. 
Commenting  on  the  problems,  P.  D.  Thompson,  president  of  the  American 
Meteorological  Society,  recently  said: 

"No  higher  degree  of  theoretical  perfection  will  be 
significant  or  applicable  without  more  complete  description. 

In  short,  the  time  has  come  to  strive  for  adequate  obser¬ 
vations  over  the  entire  northern  hemisphere,  if  not  over 
the  whole  globe,  including  the  most  remote  and  inaccessible 
regions.  "  40 

Determination  of  what  constitutes  the  most  feasible  methods 
for  upgrading  the  basic  research  level  of  tropical  meteorology  and  climatology 
has  been  the  subject  for  consideration  by  many  authorities.  Several  methods 
advanced  by  W.H.  Portig  are  as  follows:* 

•  Establish  international  schools  to  upgrade 
the  quality  and  quantity  of  local  tropical 
meteorologists,  climatologists  and  observers 

•  Make  available  research  grants  for  the  study 
o:'  broad  general  problems  and  specific  topics 
of  theoretical  and  practical  importance 

•  Establish  an  international  weather  record 
center  to  provide  a  central  research  and  storage 
facility  for  meteorological  and  climatological  data 

•  Adopt  worldwide  standards  for  equipment, 
symbols,  procedures,  and  methods  of 
coding  and  recording  meteorological  data 

•  Rapidly  develop  institutes  of  tropical 
studies  in  universities  so  that  the  interest 
generated  in  those  institutes  will  increase 
support  for  research  in  tropical  atmospherics 


♦  Portig,  Wilfred  H. ,  1965:  Personal  Correspondence  dated  3  March. 
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Establishment  of  international  schools  to  upgrade  the  quality 
and  quantity  of  tiopical  forecasters,  observers  and  researchers  will,  in 
turn,  increase  the  amount  and  reliability  of  available  data.  These  data  will 
then  provide  a  basis  for  breadth  and  depth  studies  of  tropical  meteorology 
and  climatology.  Such  a  program  also  will  supply  researchers  who  are  native 
to  the  tropics  and  understand  its  complexities.  Thus,  the  burden  of  a 
midlatitude  background  and  its  inherent  limitations,  in  terms  of  applicability 
to  the  tropics,  will  be  avoided,  granting  researchers  greater  freedom  to 
generate  new  concepts  and  theories  concerning  the  nature  and  significance  of 
tropical  atmospheric  phenomena. 

By  funding  specific  projects  and  general  research  programs, 
the  basic  level  of  tropical  weather  research  can  be  expanded  significantly. 

At  the  outset,  these  programs  should  concern  themselves  with  the  overall 
picture,  permitting  researchers  to  obtain  a  sharp  view  of  specific  areas 
requiring  urgent  or  concentrated  study.  Feasibility  studies  must  naturally 
precede  projects  requiring  international  cooperation  for  observation  networks, 
data  processing  and  storage,  solution  of  coding  problems,  and  the  like. 

Establishment  of  an  international  weather  record  center(s) 
should  be  expedited.  A  center  of  this  type  should  be  supported  by  regional 
centers  on  a  continental  scale.  The  tropical  weather  facility  of  Poona  in 
India  is  an  example  of  a  facility  which  could  be  expanded  to  act  as  a  central 
research  and  record  facility  for  the  humid-tropical  portion  of  Asia  and  possibly 
Oceania  as  well.  The  weather  reseaich  facility  at  the  University  of  Hawaii 
could  act  as  the  regional  center  for  the  tropical  Pacific.  There  had  been  some 
mention  of  plans  to  establish  an  African  Weather  Institute  at  Nairobi.  ^1 

Tropical  Central  and  South  America  comprise  an  area  where 
there  has  been  little  research.  This  area  could  be  served  best  by  a  regional 
research  and  data  storage  facility  established  in  Central  America.  These 
facilities  should  be  the  coordinating  center  for  establishing  regional  weather 
networks,  supervising  training  of  researchers  and  observers,  initiating 
specific  projects  and,  in  general,  providing  overall  administration  and  support 
for  programs  within  their  regions  and  integration  of  local  programs.  Recom¬ 
mendations  for  basic  intercontinental  research  objectives  would  be  provided 
by  the  international  center. 
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In  any  program  of  this  type,  effective  international  cooperation 
is  the  key  factor.  As  P.  D.  Thompson  states,  "in  my  view,  we  (the  United 
States}  and  all  nations  are  now  confronted  with  practical  and  scientific  pro¬ 
blems  whose  answers  depend  on  the  creation  of  new  modes  of  international 
cooperation  and  on  more  comprehensive  and  quantitative  intranational  eval¬ 
uation  of  costs,  resources  and  economic  returns."^®  The  administration  of 
this  system  should  rest  with  an  international  organization.  The  World 
Meteorological  Organization  appears  to  be  ideally  suited  for  this  task.  The 
WMO  has  been  operating  in  its  present  form  since  1951.  Prior  to  1951,  it 
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was  known  as  the  International  Meteorological  Organization,  the  creation  of 
which  dates  back  to  1853.  The  objective  of  this  organization  closely  approx¬ 
imates  the  reasons  for  establishing  international  and  regional  centers  for 
advancement  of  the  fields  of  tropical  meteorology  and  climatology.  They  are: 

"(a)  To  facilitate  worldwide  cooperation  in  the  establishment 
of  networks  of  stations  for  the  making  of  meteorological  observations 
or  other  geophysical  observations  related  to  meteorology  and  to  pro¬ 
mote  the  establishment  and  maintenance  of  meteorological  centers 
charged  with  the  provision  of  meteorological  services 

"(b)  To  promote  the  establishment  and  maintenance  of  systems 
for  the  rapid  exchange  of  meteorological  information 

"(c)  To  promote  standardization  of  meteorological  observations 
and  to  insure  the  uniform  publication  of  observations  and  statistics 

"(d)  To  further  the  application  of  meteorology  to  aviation, 
shipping,  agriculture,  and  other  human  activities 

"(e)  To  encourage  research  and  training  in  meteorology 
and  to  assist  in  coordinating  the  international  aspects  of  such 
research  and  training  .  .  .  "26 

If  this  organization  has  been  in  existence  for  so  long  a  period  of 
time,  why  then  do  we  have  this  problem?  Why  has  not  this  organization  estab¬ 
lished  an  international  center  and  initiated  procedures  to  standardize  meteoro¬ 
logical  observations?  As  Reichelderfer  explains: 

"In  tht  early  1950’s  when  the  balancing  of  budgets  was  a 
frequent  and  popular  subject,  the  deputy  Finance  Minister  of  one  of  the 
most  progressive  and  cooperative  of  WMO  members  remarked  apropos 
the  financial  accounts  of  WMO,  as  compared  with  a  few  of  the  larger 
specialized  agencies  of  UN  that,  if  the  others  produced  as  much,  per 
dollar  spent  and  were  as  accountable  in  their  budgeting  as  WMO,  the 
activities  of  UN  would  indeed  be  economical  and  efficient.  WMO  began 
in  1951  with  a  4-year  budgetary  limit  of  $1,273,000,  only  about  $300,000 
per  year  for  its  entire  establishment  and  its  operations.  The  United 
States  has  each  year  advocated  and  been  ready  to  contribute  its  share 
of  a  considerably  larger  budget.  But  the  large  majority  of  members 
stood  for  minimum  budgets,  cheir  views  conditioned  largely  by 
the  rigid  instructions  of  their  respective  finance  ministers,  by 
the  very  meager  appropriations  allowed  them  for  their  domestic 
meteorological  activities,  and  by  the  further  curtailment  of  funds 
for  their  own  domestic  serv; ces  in  those  cases  where  their  contri¬ 
bution  to  WMO  on  a  pro  rata  scale  was  required  by  their  govern¬ 
ments  to  be  taken  out  of  their  o  vn  meager  appropriation  .  ”  43 
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This  tack  of  funds  has  been  the  major  cause  for  the  limited  result  produced  by 
the  WMO.  Given  the  funds,  this  organization  would  be  the  best  qualified  to 
assist  in  establishing  and  monitoring  a  worldwide  network  of  meteorological 
observation  stations,  regional  data  processing  and  storage  centers,  and 
research  centers. 

With  the  establishment  of  a  global  network  under  the  guidance 
of  a  single  organization,  the  adoption  of  standard  practices  and  equipment 
would  be  greatly  facilitated.  Training  programs  and  rigid  specifications  soon 
would  produce  data  in  a  form  which  could  be  utilized  with  a  minimum  of  effort 
by  researchers  in  any  location  on  the  earth. 

As  further  indication  of  interest  in  a  global  weather  system, 

R.  M.  W'hite,  chief  of  the  U.S.  Weather  Bureau,"'  in  a  recent  address  to  the 
American  Geophysical  Union  stated 

. "to  meet  the  shortcoming  of  the  current  international 

meteorological  system  and  to  provide  an  improved  base  for 
realizing  the  full  scope  of  the  World  Weather  System,  it  would  be 
possible  at  an  early  date  on  the  basis  of  proven  and  available- 
technology 

"1.  To  achieve  a  significant  improvement  in  the  global 
observation  system  to  provide  better  and  more 
complete  data  for  meteorological  analysis  and  fore¬ 
casting 

"2.  To  achieve  a  meaningful  reallocation  of  weather 

analysis  forecasting  and  data  processing  functions  [in  order j 
to  make  more  efficient  and  more  widespread  use 
of  available  technology  and  resources  to  provide 
basic  meteorological  products  and,  where  appropriate, 
user  service 

"3.  To  provide  an  international  communication  capability 
adequate  to  achieve  timely  exchanges  of  raw  data  and 
timely  dissemination  of  basic  meteorological  products.  .  . 

"Proven  equipment  and  techniques  such  as  global  cloud  cover 
satellite  systems,  mobile  ship  surface  and  upper-air  observing  systems, 
world  and  regional  data  processing  centers,  and  a  worldwide  data 
communications  system  could  be  implemented  at  an  early  date. 

Research  and  development  effort  could  focus  on  such  new  elements 
as  synchronous  meteorological  satellites,  constant-density  balloons, 
automatic  meteorological  ocean  buoys,  infrared  spectrometers, 
broadcast  communication  satellites  and  other  technological  possibilities...-1 


A  .... 
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The  actions  recommended  by  United  Nations  organizations, 
the  National  Academy  of  Sciences  and  R.M.  White  point  toward  analysis  on  a 
macro-  or  worldwide  scale.  However,  the  assistance  to  understanding  and 
analyzing  the  tropical  areas  would  be  immense  in  increased  observations  from 
space  and  inaccessible  ocean  and  land  areas  and  the  availability  of  data  and 
worldwide  analyses  from  established  centers  throughout  the  globe. 

H.  RECOMMENDATIONS  FOP.  ADVANCING  STATE  OF  KNOWLEDGE 

Based  on  its  program  investigations,  Texas  Instruments 
recommends  that  the  following  action  be  taken  to  expand  and  support  the  existing 
programs  listed  below  as  the  most  feasible  method  of  obtaining  the  desired 
objective  and  of  upgrading  the  basic  research  level  in  tropical  meteorology  and 
climatology. 

•  Recommendation  1 


One  of  the  foremost  problems  in  large  areas  of  the  humid  tropics 
is  the  lack  of  meteorological  observations  to  support  adequate  chart  analysis, 
forecasting  and  climatological /meteorological  research.  Because  this  is  an 
important  area  and  will  require  extensive  study  and  committee  effort  at  several 
national  and  international  levels,  it  is  recommended  that  action  be  taken  to 
implement  the  following  recommendations  at  the  earliest  possible  time.  Steps 
should  be  taken  by  the  United  States,  in  concert  with  oilier  nations,  to  explore 
the  international  institutional  mechanisms  that  may  be  appropriate  to  foster 
international  cooperation  and  cope  with  the  problems  which  may  be  anticipated 
in  the  field  of  tropical  weather  and  climate. 

The  United  Nations  and  its  specialized  agencies  (e.  g.  the 
World  Meteorological  Organization)  are  suggested  as  a  possible  intergovern¬ 
mental  framework  to  assist  m  the  establishment  within  the  humid  tropics  cu 

•  An  adequate  data  collection  network  of  rurface 
and  upper -air  observing  stations  with  sufficient 
density  to  support  mesoscale  analysis,  forecasting 
and  climatological /meteorological  research 

•  An  adequate  communications  system  to  support  the 
above  network  and,  with  sufficient  relay  and  editing 
facilities,  to  permit  inter-  and  intrareg'on  dissemi¬ 
nation  of  data 
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The  International  Council  of  Scientific  Unions  and  its  associated 
unions  (e.  g.  the  International  Union  of  Geodesy  and  Geophysics)  could  be  a 
suitable  non-governmental  framework  for  the  mechanisms  of  accurate,  timely 
and  representative  observations  .vhich  are  the  basis  of  any  analysis,  fore¬ 
casting,  climatological  study,  and  research  effort.  To  achieve  this  requires 

•  Establishment  of  surface  and  upper-air  measure¬ 
ment  stations  to  fill  the  gaps  now  existing  in  the 
humid  tropics 

•  Standardization  of  equipment  specifications  and 

in  the  measuring  of  all  meteorological  parameters 

•  Development  of  descriptive  codes  for  tropical 
weather  phenomena 

•  Implementation  of  rigid  checking,  calibration 
and  maintenance  procedure  for  all  meteorological 
instrumentation 

•  Establishment  of  inter'  and  intraregion  landline 
or  radio  communications  connecting  surface 
observing  stat  ons,  upper-air  observing  stations 
and  forecasting  renters  with  provisions  for  editing 
and  relaying  data  between  regions 

•  Establishment  of  data  storage  and  processing 
center(s)  placed  strategically  within  the  humid 
tropics  area  and  equipped  with  high-speed 
computers  equal  to  the  computation  tasks 

•  Training  facilities  for  all  grades  of  observers 
(instructional  material  in  native  language) 

•  Establishment  of  satellite  readout  facilities  for 
processing  and  transmitting  data  to  forecasting 
and  d?  ca  storage  centers 

•  Storage  and  processing  center(s)  centrally 
located  for  access  to  global  communications 
systems  and  liaison  with  extrat ropical  centers 
and  equipped  with  computers  equal  to  the 
computation  tasks 

•  Training  facilities  to  assure  that  personnel  are 
schooled  in  the  proper  procedures  for  instru- 
m  cl  operation,  calibration  and  maintenance 
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•  Recommendation  2 

If  an  interim  measure  pending  implementation  of  Recommenda¬ 
tion  1  is  warranted,  the  Foreign  Areas  Section  of  the  U.S.  Weather  Bureau, 
ESSA,  is  suggested  as  a  group  to  be  provided  funds  to  accomplish  a  more 
detailed  evaluation,  collection  and  storage  of  climatological  studies  from 
countries  within  the  humid  tropics.  Special  attention  should  be  given  to 
acquisition  of  data  falling  within  militarily  significant  meteorological  para¬ 
meters  and  regions  of  interest. 


•  Recommendation  3 

The  review  of  available  research  studies— from  the  recent 
through  the  proposed—  has  shown  a  wide  range  of  approaches  to  defining  the 
physics  of  the  atmosphere  ’:i  the  humid  tropics.  Certain  of  these  approaches 
discussed  in  numerous  conferences  and  showing  a  high  interest  factor  on  the 
part  of  scientists  working  on  projects  in  the  area  are  presented  below. 

These  projects  should  be  given  priority  as  urgent  and  basic  needs  to 
developing  a  meteorological  capability  in  the  humid  tropics. 

•  Study  of  coding  and  nomenclature  for  uniquely 
tropical  atmospheric  phenomena 

•  Development  of  synoptic  models  and  analysis 
of  easterly  waves,  tropical  waves,  equatorial 
waves,  disturbance  lines,  surges,  shear  lines, 
and  the  intertropical  convergence  zone  for  the 
different  regions 

•  Climatic  appraisal  of  the  water  resources  of  the 
tropics  using  the  principles  and  methods  of  the 
water  balance  approach 

•  Development  of  an  easy,  rapid  method  of 
applying  streamlined  analysis,  possibly  an 
automated  system,  to  tropical  studies 

•  Investigation  of  the  significance  of  tropical 
winds  as  potentially  the  single  most  important 
factor  in  tropical  atmospheric  studies 

•  Analysis  of  the  climate  near  the  ground 

•  Microclimatic  investigations  in  a  wide  variety 
of  lowland  humid  tropic  environments 

•  Complete  detailed  vertical  analyses  on  b  -th  wind¬ 
ward  and  leeward  sides  of  mountains  since  upland 
humid  tropical  climates  are  totally  lacking  in 
atmospheric  research 
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•  Studies  of  the  mic roineteorologic  changes 
associated  with  vegetation  removal  and  other 
cultural  disturbances  in  the  humid  tropics 

•  Investigation  of  the  causes,  frequency  and 
global  atmospheric  implications  of  the  large 
number  of  hurricanes  that  develop  in  the 
Pacific  west  of  Panama,  move  poleward  and 
then  dissipate 

•  Thorough  investigation  of  the  nature  of  tropical 
systems,  their  differentiation  and  characteristic 
manifestations  in  different  seasons 

•  Investigation  of  the  significance  of  synoptic 
patterns  with  a  view  to  long-range  forecasting 
in  the  tropics 

•  Research  on  the  meaning  of  climate  in  a  tropical 
context  and  reevaluation  of  existing  climatic  studies 
to  ascertain  climatically  significant  parameters, 
especially  by  comparison  with  what  are  assumed 

to  be  important  parameters  in  midlatitude  regions 

•  Study  of  the  frequency,  distribution  and  intensity 
of  tropical  rainfalls  in  various  tropical  environ¬ 
ments,  treating  each  occurrence  of  rain  individually 
and  not  as  a  monthly  or  periodic  accumulation 

•  Study  of  lon^-term  monthly  averages  of  rainfall, 
rain  frequency,  temperature,  cloudiness,  surface 
winds,  and  changes  in  ocean  temperature 


•  Recommendation  4 

Areas  for  which  data  a  *e  particularly  scarce  are  listed 
on  the  next  page;  it  is  recommended  tnat  these  areas  be  given  special 
attention  in  any  planning  of  basic  meteorological  and  climatological  research: 


•  ! 
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Area  Weather  Studies 


Area  Climate  Studies 


Central  America,  especially 
Nicaragua 

Caribbean  Islands,  exclusive  of 
Puerto  Rico 

Brazil,  especially  the  Amazon  Basin 

Guiana  s 

Ecuador,  Bolivia  and  Paraguay 

West  Africa,  exclusive  of  Nigeria 
and  Ghana 

Western  Equatorial  Africa,  Rio 
Muni,  Northern  Congo,  and 
Rwanda,  Burundi 

Zambia  and  Southern  Rhodesia, 
Nyasaland,  and  Kenya 

Ceylon,  Pakistan,  Burma,  Thailand, 
Laos,  Cambodia,  South  Vietnam, 
Malaysia,  and  Taiwan 

All  of  Oceania  except  the  Philippine 
Islands,  Fiji,  Indonesia,  and 
Borneo 


Middle  America,  especially  between 
Mexico  and  Costa  Rica 

Caribbean  Islands,  exclusive  of  Cuba 
and  Haiti 

Brazil,  especially  the  Amazon  Basin 

Guianas 

Bolivia,  Paraguay,  Peru,  and 
Ecuador 

West  Africa,  exclusive  of  Nigeria 

Equatorial  Africa,  exclusive  of 
Cameroon,  Congo  (B),  and 
A  ngola 

East  Africa  from  Uganda  to  Rhodesia, 
exclusive  of  Mozambique 

Laos,  Cambodia,  North  and  South 
Vietnam,  Malaysia,  Ceylon,  and 
Pakistan 

All  of  Oceania,  exclusive  ol  Timor 
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CHAPTER  V 
COASTAL  ZONES* 


A.  INTRODUCTION 

1.  Topical  Features,  Elements  and  Factors 

The  following  physical  and  cultural  features  and  elements 
of  the  coastal  zone  were  selected  by  the  Army  Research  Office  for  con¬ 
sideration  in  this  Inventory: 

•  Physical  Features 

(1)  Coastal  plains,  terraces,  elevated  reefs,  cliffs,  caves 

(2)  Beaches,  dunes,  beach  ridges,  marshes,  swamps 

(3)  Shorelines,  estuaries,  deltas,  mudflats,  platforms 

(4)  Barrier  islands,  coral  reefs,  submarine  bars,  lagoons 

(5)  Nearshore  slopes,  bottom  conditions,  water  depths, 
waves,  currents 

(6)  Ocean  currents,  tides,  swells,  tsunamis 

a  Cultural  Features 

(1)  Port  and  harbor  facilities 

(2)  Engineering  s.ructures  for  protection  of  coasts 

(3)  Aids  to  navigation 

Concerning  the  physical  features,  the  Inventory  records 
evidence  of  information  on  composition,  characteristics,  dimensions,  origin, 
past  and  present  processes  of  formation  and  alteration,  and  classification 
systems.  In  regard  to  cultural  features,  data  on  characteristics  and 
relationships  to  the  physical  features  are  considered  significant. 

2.  Limitations  on  Scope  of  Coverage 

The  range  of  physical  features  of  the  coastal  zone  corres¬ 
ponds  to  that  prescribed  for  Chapter  II,  which  deals  with  physical  features 


*Dr,  Richard  J.  Russell  (Louisiana  State  University),  Dr.  Charles  S. 
Alexander  (Illinois  University),  Dr.  Rhodes  W.  Fairbriage  (Columbia 
University),  and  Dr.  Pierre  Gourou  (University  of  Brussels),  acting  as 
consultants  to  Texas  Instruments  for  this  program,  have  critically  reviewed 
this  chapter  in  its  draft  stages. 
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of  the  humid  tropics  as  a  whole.  The  range  comprises  the  geomorphological, 
geological,  pedological,  and  hydrological  phenomena.  Botanical,  zoological 
and  meteorological  phenomena  of  the  humid  tropics  are  treated  separately 
in  Chapters  III  and  IV  by  specification  of  the  sponsor  of  the  Inventory. 
Reference  should  be  made  to  the  three  cited  chapters  for  additional  infor¬ 
mation  on  the  character  and  development  of  coastal  areas. 


3.  Present  Interest  in  the  Coastal  Zone 

The  UNESCO  Advisory  Committee  for  Humid  Tropics  Research 
(F.  R.  Fosberg,  chairman)  stated  in  1961  that  delta  areas  'are  in  many 
respects  the  most  important  regions  of  the  humid  tropics  since  they  are 
those  of  greater  human  concentration. ^  The  most  prominent  development 
of  deltas  in  the  humid  tropics  is  in  Southern  Asia.  Environmental  problems 
seriously  affect  the  suitability  of  these  areas  for  human  habitation  and 
utilization.  The  urgency  of  the  problems  is  recognized  by  governments  of 
the  countries  immediately  concerned,  world  organizations,  and  other  bodies 
that  are  prosecuting  research  programs  in  the  delta  aieas. 

Activities  of  the  inhabitants  of  island  regions  of  the  hurnid 
tropics — notably  Oceania,  the  Hawaiian  Islands  and  the  West  Indies — are 
linked  closely  to  the  coastal  environment.  In  all  of  these  regions,  the  lack 
of  complete,  exact  information  on  the  physical  features  and  resources  of  the 
coastal  zone  is,  in  varying  degrees,  an  obstacle  to  economic  development. 

Only  in  humid  tropical  Africa  have  the  coasts  been  relatively 
unimportant  in  the  settlement  and  development  of  countries  to  the  present 
time.  The  African  coasts  have  few  good  natural  harbors  and  possess 
generally  unhealthy  and  uncomfortable  conditions  for  human  habitation  and 
activity. 


■'  } 


The  present-day  military  importance  of  the  humid  tropics  is 
demonstrated  by  the  abundance  of  recent  military  events  that  have  occurred 
there.  *  The  special  military  significance  of  the  coastal  zone  became  common 
knowledge  through  the  examples  of  amphibious  landings  during  World  War  II. 

Modern  seaborne  invasion  requires  detailed  knowledge  of  the 
coast  for  use  in  operational  and  engineering  planning.  Such  questions  as  the 
behavior  of  landing  craft  and  amphibious  or  other  vehicles  on  the  beach, 
problems  of  constructinr  roads  across  the  beach,  resistance  of  the  coastal 
zone  to  bombardment,  ana  the  availability  of  sites  for  harbors  are  answered 
with  intelligence  on  the  natural  features  of  the  sea  approach  and  shore  and  of 
the  man-made  structures,  especially  defenses  and  obstacles. 


* 


The  general  subject  is  discussed 


in  Chapter  II, 


Section  A,  Subsection  3. 
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4.  Historical  Notes  on  Development  of  Knowledge 

In  his  monograph  on  coasts  of  the  world,  H.  Valentin  ^  states 
that  the  subject  of  coastal  geomorphology  was  formally  introduced  in  1866 
by  O.  Peschel  who,  for  the  first  time,  explained  and  compared  coastal 
features.  In  1894,  in  his  famous  work  on  morphology  of  the  earth's  surface, 

A.  Penck  presented  m'  .i.odologic  bases  for  the  study  of  coastal  morphology. 

The  first  decades  of  the  20th  century  saw  the  dominance  of 
American  concepts  in  the  field  of  geomorphology,  developed  largely  by  the 
deductive  methods  of  William  Morris  Davis  and  Douglas  Johnson.  Foreign 
investigators,  by  contrast,  approached  the  explanation  of  coastal  geo¬ 
morphology  by  inductive  reasoning.  On  the  whole,  the  experimental  and 
quantitative  procedures  adopted  by  investigators  in  the  United  States  and 
elsewhere  in  recent  decades  have  supported  the  methodological  approach 
of  the  foreign  geomorphologists. 

American  interest  in  the  morphology  of  coasts  was  accompanied 
by  interest  in  the  processes  of  denudation  and  sedimentation  acting  in  the 
coastal  zone.  Foreign  investigators  turned  their  attention  to  the  study  of 
changes  of  sea  level  and  movements  of  the  shoreline  and  features  associated 
with  them;  however,  for  the  pas-.  30  years,  these  have  occupied  an  important 
place  in  coastal  research  throughout  the  world. 

The  origin  and  distribution  of  coral  reefs  are  among  the 
problems  which  have  received  special  attention  in  the  humid  tropics.  As 
long  ago  as  1778,  Reinhold  Forster,  a  member  of  Copt.  Cook' 3  expedition, 
concluded  that  the  formation  of  coral  reefs  was  limited  to  seas  of  warm 
climates  and  offered  an  explanation  for  the  form  of  atolls.  Although  corals 
are  not  limited  to  tropical  waters,  reefs  are  primarily  features  of  humid 
tropical  coasts.  Countless  investigators  from  the  fields  of  zoology, 
paleontology  and  geology  have  studied  these  features  during  the  past  century; 
in  recent  times,  expeditions  from  the  United  States,  France,  Great  Britain, 
and  Denmark  have  worked  on  reefs  in  numerous  areas.  The  American 
research,  which  has  been  especially  intensive,  has  occurred  mainly  in 
Micronesia,  an  area  not  included  in  the  definition  of  humid  tropics  employed 
here. 


In  the  last  decade,  considerable  interest  has  been  directed 
tG  the  problem  of  beach  rock — sandy  beach  material  cemented  with  calcium 
carbonate — which  is  found  at  the  water  table  in  tropical  and  subtropical  coastal 
areas.  The  origin  of  beach  rock,  however,  remains  a  subject  of  debate. 


A  continuing  topic  of  investigation  of  coasts  throughout  the  J 

world  is  the  determination  of  types  and  the  establishment  of  classification  ?  ; 

systems.  More  than  30  classifications  suggested  since  1822  have  been 
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identified.  Part  of  the  problem,  which  obviously  has  not  been  solved,  is 
caused  by  disagreements  over  definitions  of  such  basic  terms  as  coast, 
beach,  shore,  and  shoreline.  Most  classifications  are  genetic  in  concept 
but  fail  because,  as  E.C.  F.  Rird  observes,  ^  ''The  difficulty  is  that  a 
genetic  classification  can  only  be  applied  satisfactorily  when  the  mode  of 
origin  of  coastal  landforms  is  known;  the  attempt  10  use  particular  types  or 
associations  of landforms  as  indicators  of  particular  modes  of  origin  has  fre¬ 
quently  led  to  errors  that  have  been  revealed  by  subsequent  coastal  research.'1 

J.  T.  McGill  has  stated  that  ’’Sparsity  of  information  on  the 
coasts  of  the  world  is  a  formidable  obstacle  to  the  successful  application  of 
any  classification,  but  particularly  so  for  purely  genetic  schemes.  Nearly 
all  coasts  are  complex  in  their  geomorphic  history  and  thus  in  the  character 
and  associatioi  s  of  their  present  features.  They  represent  the,  result  of  the 
combined  action  of  many  different  agents  and  processes — marine  and 
terrestrial,  inorganic  and  organic — all  of  which  have  been  highly  variable  in 
their  effects  in  time  and  space.  . .  " 


h-i 


f. 


Various  partially  genetic  or  totally  nongenetic  classifications 
have  been  proposed  to  overcome  the  difficulty  of  using  purely  genetic 
classifications  for  descriptive  purposes.  In  1866,  R ichthofen  included 
configuration  as  an  element  in  his  classification  of  shorelines.  A.  Penck,  in 
1894,  distinguished  coastal  types  on  the  basis  of  configuration,  vertical  profile, 
composition,  and  rock  structure.  W.  C.  Putnam5  and  J.  T.  McGill6 
placed  emphasis  on  descriptive  terminology  in  their  "semi-genetic" 
classification  of  coastal  landforms.  A  classification  of  shorelines  devised 
by  C.S.  Alexander  in  1962  considers  only  vertical  profile  and  outline.^ 

Although  earth  scientists  generally  regard  nongenetic  classifications  as 
scientifically  unsuitable,  descriptive  classifications  have  distinct  va^ue  for 
military  and  other  applied  purposes. 


Early  investigators  of  coasts  took  a  broad  interest  in  all  the 
features  of  this  environment.  In  tracing  the  history  of  coastal  research, 
Valentin  comments  on  the  trend  away  from  comprehensive  study  by  physical 
geographers  in  the  early  20th  century  to  studies  of  particular  elements  of 
the  coast  by  specialists  in  various  environmental  fields.  Only  in  recent  time 
has  the  entire  coastal  environment,  represented  as  the  zone  of  interaction 
between  land,  sea  and  atmospheric  elements,  been  recognized  as  the  subject 
of  coastal  geomorphology. 

Systematic  investigation  of  estuaries,  harbors,  ship  channels, 
and  coastal  waters  has  long  been  the  function  of  official  agencies.  Two 
organizations,  the  U.S.  Hydrographic  Office  and  the  Royal  Navy  Hydrographic 
Office,  prepare  separate  series  of  publications  which  cover  all  parts  of  the 
world,  region  by  region.  The  former  produces  "Sailing  Directions"  and 
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the  latter  'Pilots.  ''  Although  the  information  i--*-  both  is  similar,  it  differs 
in  scope  and  content  for  some  regions. 

Oceanography  merges  investigation  of  the  open  oceans  with 
that  of  the  coastal  waters.  Such  problems  as  the  processes  of  sedimentation 
in  the  nearshore,  the  morphology  of  the  shelf  and  the  effects  of  changes  of 
sea  level  have  a  bearing  on  the  understanding  of  the  coastal  zone. 

The-  study  of  oceans  has  gained  momentum  since  the  end  of 
World  War  1.  Echo  sounding  was  introduced  by  Marti  in  1919.  Geophysical 
methods  now  permit  the  determination  of  geological  data  to  depths  well 
beneath  the  ocean  floor.  Since  World  War  II,  advances  have  been  made  in 
techniques  for  observation  of  features  of  the  bottom  by  bathyscaphe  and 
photography. 


Oceanography  is  recognized  as  an  interdisciplinary  science 
dealing  with  an  environment,  rather  than  an  autonomous  field.  Today, 
oceanographic  institutes  dealing  with  one  or  more  of  the  following  subjects— 
marine  geology,  geomorphology,  biology,  meteorology,  and  hydrology  — 
exist  in  several  countries  and  conduct  investigations  in  oceans  around  the 
world. 

5.  Sources  of  Information 

Two  international  organizations  have  established  bodies  to 
encourage  research  activity  in  coastal  geomorphology,  geography  and  geology. 
These  bodies  are:  the  Commission  on  Coastal  Geomorphology  (Prof.  A.  Schou, 
Copenhagen,  chairman)  of  the  International  Geographical  Union  (IGU);  the 
Commission  for  the  Study  and  Correlation  of  Erosion  Levels  and  Surfaces  on 
Atlantic  Coasts  (F.  Ruellan,  Rennes,  chairman),  also  of  the  IGU;  and 
the  Commission  on  Shorelines  (Prof.  R.W.  Fairbridge,  New  York,  chairman) 
of  the  International  Association  for  Quaternary  Research  (INQUA). 

Each  of  these  commissions  meets  to  exchange  information 
among  members  and  discuss  research  with  others,  compiles  rosters  of 
specialists  and  summarizes  information  on  research. 

The  Commission  on  Coastal  Ceomorphology  has  issued 
several  bibliographies  covering  publications  from  1955  to  the  present.  For 
the  Commission  on  Shorelines,  H.  G.  Richards  and  R.W.  Fairbridge  have 
compiled  a  bibliography  of  Quaternary  shorelines  for  the  period  from  1945  to 
1965. 8 
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The  Commission  for  ...e  Study  and  Correlation  of  Erosion 
Levels  and  Surfaces  on  Atlantic  Coasts  prepared  an  extensive  report  for  the 
18th  International  Geographical  Congress  in  1956.  Included  were  parts 
dealing  with  results  of  research  on  coasts  of  Western  Africa  and  Eastern 
South  America. 

Since  1950,  nine  international  Conferences  on  Coastal 
Engineering  have  been  sponsored  by  the  Council  on  Wave  Research  (known 
since  1964  as  the  Coastal  Engineering  Research  Council)  which  was  affiliated 
originally  with  the  Engineering  Foundation  and  is  now  attached  to  the  American 
Society  of  Civil  Engineers.  The  purpose  of  the  meetings  is  to  bring  together 
scientists  and  engineers  with  different  specialties  to  exchan^’  information  on 
research  and  delineate  fruitful  areas  for  further  research,  ~Lne  Proceedings 
of  these  conferences  show  that  attention  is  given  to  basic  research  on  waves, 
tides,  currents,  winds,  and  coastal  sedimentation  and  to  the  applied  problems 
of  coastal  engineering.  In  recent  conferences,  research  on  humid  tropical 
coasts  has  been  reported.  India,  Ceylon,  Mexico,  British  Honduras,  and 
Venezuela  are  represented  in  this  research. 

The  International  Geographical  Union's  Commission  on  the 
Humid  Tropics  (Prof.  T.  L.  Hills,  Montreal,  chairman)  has  a  general 
responsibility  for  humid  tropics  research  which  includes  attention  to  coastal 
areas.  In  I960,  this  commission  issued  a  bibliography  and,  in  1965,  a 
directory  of  research  institutions  dealing  with  the  hurrid  tropics.  A 
bibliography  of  coastal  geomorphology  prepared  in  I960  by  J.  T.  McGill^ 
and  the  bibliography  and  KWIC  index  issued  in  1965  as  part  of  the  present 
Inventory  are  among  other  occasional  special  bibliographies  useful  for  the 
purpose  of  surveying  the  amount  and  scope  of  research  on  humid -tropical 
coasts. 


Two  other  recent  valuable  bibliographies  are  attached  to 
scientific  publications.  The  first  accompanies  H.  Valentin's  monograph 
on  worldwide  coasts  which  was  published  in  1952. ^  The  second  accompanies 
H.  G.  Gierloff -Emden' s  study  of  features  of  tropical  low  coasts  which  was 
published  in  1959. 

Bibliographic  and  abstract  serials  provide  the  best  regular 
sources  of  information  on  recent,  and  to  some  extent,  current  research  on 
h'amid  tropical  coasts.  The  most  important  of  these  publications  are: 
in  English  —  T  ibliog  raphy  of  Geology  Exclusive  of  North  America;  Geosciences 
Abstracts;  Geographical  Abstracts,  A;  Geomorphology;  Bibliography  of 
North  American  Geology;  in  German  —  Zentralbiatt  fur  Geologie  und 
Palaontologie;  in  French — Bulletin  Signaletique;  and  in  Russian — Referativnyi 
Zhurnal.  * 


-  Further  information  on  these  publications  appears  in  Chapter  II,  Section  a.  5. 
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B.  SURVEY  OF  CURRENT  RESEARCH  ACTIVITY 


1.  General  Comments 

In  1961,  the  Committee  on  Geography  (R.  J.  Russell,  chair¬ 
man)  of  the  (U.S.)  National  Academy  of  Sciences -National  Research 
Council  stated  that  'Critical  as  coastal  areas  are,  they  have  not  been 
studied  sufficiently  to  raise  the  level  of  understanding  to  even  the  minimum 
demanded  for  the  public  welfare,  for  proper  economic  and  cultural 
development,  and  for  military  use.'1  ^ 

The  amount  of  activity  in  research  or»  humid-tropical  coasts 
can  be  judged,  in  part,  from  a  review  of  significant  worldwide  research  on 
coastal  topics  by  A.  Guilcher.  ^  For  1956  to  1  964,  Guilcher  cites  only  25 
titles  of  resulting  literature  dealing  wholly  or  partly  vith  the  humid  tropics. 
The  present  Inventory  indicates  that  the  gross  output  is  not  appreciably  larger. 

Activity  in  coastal  research  on  the  humid  tropics  is  con¬ 
centrated  in  programs  supported  by  world  organizations  and  government 
agencies  of  non -humid -tropical  countries,  which  are  involved  in  giving 
technical  and  financial  assistance  to  the  developing  nations.  Actual  per¬ 
formance  of  investigations  is  mainly  a  function  of  researchers  based  in  the 
non-humid-tropicai  countries. 

2.  Research  by  *  avestigators  Based  in  Humid -Tropical  Countries 

The  crastal  research  role  of  scientific  and  technical  agencies 
of  humid- tropical  countries  is  confined  largely  to  work  connected  with 
systematic  surveys  of  natural  features,  especially  resources.  Regional 
organizations  in  the  humid  tropics — such  as  the  Commission  for  Technical 
Cooperation  in  Africa  South  of  the  Sahara  (CCTA)  and  the  Inter -American 
Committee  for  Agricultural  Development  (CIDA) — are  instrumental  in 
stimulating  more  research  by  scientists  in  national  agencies  and  universities. 

The  following  are  among  examples  of  investigation  of  humid 
tropical  coasts  in  recent  years  by  scientists  based  in  the  humid  tropics: 

•  Y.A.  Zans  and  T.  F.  Goreau  (University  College,  West 
Indies)  did  intensive  research  on  raised  and  modern  coral 
reefs  of  Jamaica. 

•  M.  Diaz  Marta  (University  of  Vera  Cruz)  studied  the 
coastal  dunes  at  Vera  Cruz,  Mexico,  in  1957. 
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•  J.D.  da  Silveira  completed  a  study  of  the  coastal  morphology 
of  Brazil  in  1964. 

•  G.  Soares  de  Carvalho  reported  his  observations  on  the 
coastal  Quaternary  of  Angola  in  1958. 

•  P.  LeBourdiec  studied  evolution  of  the  long,  straight 
beaches  and  lagoons  of  the  Ivory  Coast  in  1958. 

•  From  India  come  reports  of  research  by  M.  Manohar 
(Birla  Inst,  of  Technology)  in  1958  on  sediment  movement 
along  southern  ports, by  M.G.  Hirandandani  in  I960  on  the  use 
of  radioactive  tracers  for  the  study  of  sediment  movement 
off  Bombay  harbor,  by  S.P.  Chatterjee  (University  of 
Calcutta)  in  1961  on  fluctuation  of  shorelines,  and  by  M. 

Subba  Rao  (University  of  Anhdra)  in  1964  on  continental 
shelf  sediments  of  the  eastern  coast. 

•  The  coastal  features  and  sedimentation  processes  on  the 
eastern  coast  of  Malaysia  were  subjects  of  research  by 
J.  J.  Nossin  (University  of  Singapore),  1961  -1964.  * 

•  In  South  Vietnam  E.  Saurin  (University  of  Saigon),  '-963, 
performed  carbon-14  dating  cf  marine  terraces. 

•  T.  L.  Hsu  published  a  study  of  the  coastal  geomorphology  of 
Taiwan  in  1962. 

•  Coral  reefs  on  the  southern  shore  of  Hainan  Island 
were  studied  by  A.  J.  Chai  and  S.  W.  Li  in  1964. 

•  W.  L.  Ts  chang  reported  on  beach  rock  at  Hong  Kong  in  1962. 

•  In  1965,  E.  C.  F.  Bird  (Australian  National  University) 
prepared  a  study  of  coastal  landforms  cf  Australia, 
including  those  of  the  northern  humid  tropical  sector. 


f- 


Information  on  the  affiliation  of  investigators  refers  to  the  time  during 
which  the  work  was  performed.  In  some  cases,  the  investigator  has 
subsequently  changed  location  or  the  institution  is  now  known  by  a  different 
name. 
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3.  Research  by  and  with  Investigators  from  Non -Humid -Tropical 

Countries* 

a.  Denmark 

A  Danish  expedition  has  conducted  research  on  the  coral  reefs 
of  Northwest  New  Guinea,  New  Britain,  New  Ireland,  and  smaller  islands 
of  the  Bismarck  Archipelago,  on  which  S.  Christiansen  (University  of 
Copenhagen)  reported  in  1963. 

b.  France 

French  investigators  have  been  especially  active  in  the  study 
of  areal  geomorphic  problems  of  the  coasts  of  Africa  and  Brazil  for  more 
than  a  decade.  J.  Tricart  (University  of  Strasbourg)  has  concentrated  on  the 
coasts  of  former  French  West  Africa,  Liberia  and  the  Ivory  Coast  as  well  as 
the  coast  of  Fastem  Brazil.  A.  Guilcher  (Sorbonne),  R.  Battistini  and 
L.  Berthois  have  performed  investigations  in  French  West  Africa  and 
Dahomey  but  are  associated  particularly  with  studies  of  the  coasts  of 
Malagasy.  F.  Ruellan  (University  of  Rennes)  also  is  known  for  investigations 
in  Eastern  Brazil. 

Research  on  sedimentation  in  deltas  and  changes  of  sea  level 
has  oeen  performed  by  Tricart  in  the  Senegal  delta.  On  Malagasy,  Guilcher 
has  studied  the  Mahavavy  delta;  Battistini,  the  Sampirano  delta.  French 
work  in  the  Konkoure  delta  of  Guinea  also  is  reported  by  Guilcher. 

Coral  reefs  of  Malagasy  are  a  special  subject  of  investigation 
by  Guilcher,  Battistini  and  Berthois.  French  expeditions  to  the  Comoro 
Islands,  New  Caledonia  and  the  Loyalty  Islands  (1959-1962)  were  concerned 
with  the  study  of  barrier  reefs  and  lagoon  sediments. 

Guilcher  authored  a  volume  on  coastal  and  submarine 
morphology  which  was  published  in  1954  (English  translation,  1958).  It 
deals  especially  with  the  state  of  knowledge  and  problems  of  humid-tropical 
coasts. 


Possibly  the  most  comprehensive  coastal  study  in  the  humid 
tropics  in  recent  time  was  performed  by  H.  G.  Gierloff  Emden  (University 
of  Hamburg).  Results  of  his  project  were  a  monograph  on  the  morphologic 


The  information  is  presented  under  the  countries  arranged  alphabetically 
rather  than  by  order  of  importance  of  different  research  projects. 
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and  oceanographic  features  of  the  coast  of  El  Salvador  ( 1 959),  a  detailed 
review  of  knowledge  on  flat  coasts,  and  several  other  papers. 

Hi  Val<ntin  (Free  University,  Berlin),  known  for  his  mono¬ 
graph  on  worldwide  coasts  and  one  of  the  significant  modern  genetic 
classifications  of  coasts,  conducted  investigations  on  the  coast  of  Cape 
York  Peninsula,  Northern  Australia  (1959-1961) 

c.  Great  Britain 

Recent  British  activity  in  the  study  of  humid-tropical  coasts 
has  focused  on  problems  in  Western  Africa  and  the  Caribbean.  J.  R.  L. 

Allen  (University  of  Reading)  has  made  intensive  studies  of  the  beaches 
and  nearshore  features  of  Nigeria  and  (with  J.  V.  Wells)  has  investigated 
the  coral  banks  and  subsidence  in  the  Niger  delta.  J.  E.  Webb  (University 
College,  Ibadan)  has  worked  on  problems  of  beach  erosion  in  Nigeria. 

In  neighboring  Ghana,  ecological  studies  by  A.S.  Boughey  have  dealt  with 
problems  of  shore  development  and  changes.  Also  in  Ghana,  raised  beaches 
and  modern  beach  erosion  have  been  topics  of  study  by  M.  M.  Anderson 
(University  Coliege)  and  W.  D.  Bruckner. 

Cambridge  University  expeditions  to  British  Honduras 
(1962-1963)  were  concerned  with  coral  reefs  in  the  adjacent  Caribbean. 

D.R.  Stoddart  reported  the  results  of  the  study  of  these  features  and  the 
effects  of  a  hurricane  on  the  reefs  in  1961. 

d.  Netherlands 

Researchers  from  Dutch  universities  have  worked  mainly 
on  the  coasts  of  Nort  re rn  South  America  and  Indonesia  in  the  past  decade. 

J.I.S.  Zonneveld,  D.C.  Geyskes,  A.  Brouwer,  H.  Dost, 
and  P.H.  de  Buisonje  conducted  detailed  investigations  of  coastal  features 
and  processes  in  Surinam,  Curacao,  Arub?,  ar.d  Bonaire.  The  Royal 
Dutch  Shell  Oil  Company  sponsored  the  Orinoco  Shelf  Expedition,  which 
made  investigations  of  the  Orinoco  estuary,  around  Trinidad,  and  in  the 
Gulf  of  Paria.  T.  H.  van  Andel,  H.  Postma,  B.  W.  Koldewijn,  and 
D.  J.G.  Nota  published  studies  of  the  shelf  and  the  hydrographic  data 
resulting  from  the  expedition.  Van  Andel  and  J.  Eaborel  reported  on  the 
evidence  of  a  recent  high  sea-level  stand  near  Recife,  Brazil  (1964). 

In  Indonesia,  H.  T.  Verstappen  followed  earlier  studies  in 
the  Gulf  of  Djakarta  with  investigations  of  the  geomorphology  of  the  Aroe 
Islands  and  the  reef  covering  much  of  Moena, 

?  i 
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e.  United  States 


Since  1956,  Louisiana  State  University's  Coastal  Studies 
Institute  (R.  J.  Russell,  director)  has  conducted  research  programs  in  foreign 
areas,  mainly  on  the  humid  tropics.  This  organization  is  supported  in  its 
programs  by  the  Office  of  Naval  Research.  " 

Initial  investigations  were  made  in  1956  by  J.P.  Morgan  and 
W.G.  Mclntire  in  the  Ganges -Brahmaputra  delta. 

A  major  program  for  several  years  has  been  concerned  with 
the  origin,  growth  and  morphology  of  beach  rock.  Investigations  have  been 
made  by  R.  J.  Russell,  W.G.  Mclntire  and  others  in  Puerto  Rico,  the 
Lesser  Antilles,  the  Hawaiian  Islands,  Fiji,  parts  of  Australia,  and 
Mauritius.**  Russell  also  has  studied  the  recession  of  tropical  cliffy 
coasts  and  their  eustatic  changes  of  sea  level. 

In  1959,  the  Institute  began  a  program  to  investigate  the  long 
barrier  island  complex  cf  the  southernmost  coast  of  Brazil  in  cooperation 
with  the  University  of  Rio  Grar.de  do  Scl  (P.  J.  V.  Delaney,  chief  investigator). 

A  study  of  the  beach  ridge  at  Tabasco,  Mexico,  was  completed 
by  N.P.  Psuty  in  1?65. 

In  addition  to  the  Coastal  Studies  Institute,  various  individuals 
and  groups  have  worked  on  humid  tropical  coastal  problems  lately: 

The  problem  of  eustatic  changes  of  sea  level  in  the  Pacific 
region,  was  reviewed  by  H.  L.  Stearns  in  196i.  In  reference  to  the  problem 
everywhere,  R.W.  Fairbridge  (Columbia  University)  summarized  radio¬ 
carbon  dates  from  world  shoreline  information  in  1961.  In  Puerto  Rico, 

C.A.  Kaye  (U.S.  Geological  Survey)  made  an  intensive  study  of  coastal 
features  and  Quaternary  shoreline  changes  (1959).  H.G.  Richards  (Academy 
of  Natural  Sciences,  Philadelphia)  and  W.  Broecker  (Columbia  University) 
examined  apparent  sea -level  changes  of  the  Caribbean  coast  of  Colombia  in 
1963. 


Regional  studies  of  coastal  features  and  processes  have  been 
made  of  the  Pacific  coast  of  Colombia  by  R.  C.  West  (Louisiana  State 
University)*^  '  in  1955-1956,  of  the  Guianas  by  J.H.  Vann  (Louisiana  State 


*  The  function  of  tne  Office  of  Naval  Research  in  support  of  coastal  studies 
i3  discussed  further  in  Section  B,  Subsection  4b. 

**  Mauritius  is  not  included,  in  the  humid  tropics  as  defined  for  this  Inventory. 
Research  supported  by  the  Office  of  Naval  Research. 
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University  )*  in  1959,  of  several  Latin  American  countries  by  J.  J.  Parsons 
(University  of  California,  Berkeley)*,  of  the  Virgin  Islands  and  Isla  Mona 
by  J.  D.  Weaver  (University  of  Puerto  Rico),  of  Trinidad  by  W,  W.  Speth 
(University  of  California)*  in  1962,  of  Tanzania  by  C.S.  Alexander 
(University  of  Illinois)*  in  1962,  and  of  the  Hawaiian  Islands  by  R.A,  Moberley 
Jr.  and  associates  (Hawaiian  Institute  of  Geophysics)  in  1963. 

Shelf  conditions  and  bottom  sediments  off  the  Amazon  estuary 
were  studied  by  F.  Ottmann  (U.  S.  Geological  Survey)  in  1959.  K.O.  Emery 
(Scripps  Institution  of  Oceanography)  and  H.  Niino  performed  research  on 
sediments  of  the  shallow  parts  of  the  East  and  South  China  Seas  in  1961.  The 
Congo  submarine  canyons  were  the  subject  of  studies  by  B.  Heezen  and 
others  (Columbia  University)  in  1964. 

Port  studies  have  been  made  in  Africa  by  W.  A.  Hance  and 
I.  S.  Van  Dongen  (Columbia  University)  since  1956.  So  far  reports  have 
appeared  on  ports  of  Angola,  former  Belgian  Congo.  Malagasy,  Mozambique, 
and  Tanzania.  S.C.  Rothwell  (University  of  Miami)*  made  studies  of  ports 
of  Southern  Brazil  in  I960. 


4.  Sponsors  of  Research 

a.  World  Organizations** 


UNESCO  has  supported  a  humid  tropics  research  program 
since  1956.  In  October  1961,  the  Advisory  Committee  for  Humid  Tropics 
Research  reviewed  the  program's  scope  and  selected  eight  subjects 
suitable  for  long-term  action.  As  stated  previously,  one  of  them  was  delta 
areas,  which  the  Committee  rated  as  the  most  important  ^"gions  of  the 
humid  tropics  in  many  respects. 


Action  on  investigation  of  the  problems  of  flood  control, 
reclamation  and  land  use  in  delta  areas  has  been  stimulated  further  by  the 
.  UN  Economic  Commission  for  Asia  and  the  Far  East  (ECAFE).  One  of  its 

projects,  the  development  of  the  Mekong  River  Basin,  is  supported 
financially  and  technically  bv  governments  and  organizations  of  various 
parts  of  the  world.  ECAFE  cooperated  with  UNESCO  in  sponsoring  a  meeting 
of  scientific  experts  in  Bangkok  in  July  1963;  it  yielded  discussions  of  the 
i  v-'ays  of  studying  delta  problems. 


The  Food  and  Agricultural  Organization  (FAO),  which 
supports  surveys  of  surface  materials  for  estimations  of  land  use,  has 
sponsored  a  study  of  the  coastal  plain  of  the  Guianas  (1962-1964) 

*  Research  supported  by  the  Office  of  Naval  Research. 

**  Also  see  discussions  of  world  organizations  in  Chapter  II,  Section  B, 
Subsection  2. 
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by  R.  Brinkmann  and  L.  J.  Pons. 

b.  Military  Organizations 

Since  1950,  the  Geography  Branch  of  the  (U.S.)  Office  of 
Naval  Research  has  had  a  program  on  coastal  geography,  the  purposes 
of  which  are  to  stimulate  interest  in  the  coastal  zone  and  support  more 
research  on  problems  of  this  zone.  E.  Pruitt,  head  of  the  branch,  stated 
in  1962  that  progress  was  being  made  'toward  the  goal  of  understanding  the 
various  factors  that  work  together  to  produce  the  distinctive  characteristics 
and  processes  of  the  coastal  zone''  by  pooling  and  synthesizing  the  results  of 
research  by  geographers,  geomorphologists,  geologists,  ecologists,  oceano¬ 
graphers,  botanists,  and  anthropologists.  ^ 

The  major  part  of  the  program,  according  to  Pruitt,  deals 
with  coastal  geomorphology,  defined  broadly  ''to  mean  the  study  of  the 
nature  of  landforms  and  waterways  and  the  processes  of  sedimentation, 
water  circulation  and  erosion  that  are  responsible  for  them  and  for  the 
configuration  of  coasts.'' 

The  program  is  concerned  also  with  study  of  ports  and  their 
hinterlands  and  the  total  physical  and  cultural  environment  of  coastal 
morphology  in  various  parts  of  the  humid  tropics  including  the  Caribbean, 
Central  and  South  America,  Eastern  Africa,  Southern  Asia,  and  Australia, 
studies  of  regional  characteristics  of  different  parts  of  Latin  America,  and 
port  studies  in  South  America  and  Africa.  Research  grants  for  this  program 
have  been  awarded  to  investigators  as  so.  iated  with  American  and  foreign 
universities.  The  major  support  for  work  in  the  humid  tropics  has  been 
given  to  the  Coastal  Studies  Institute  of  Louisiana  State  University. 

A  striking  characteristic  of  the  ONR  program  is  the  emphasis 
placed  on  basic  scientific  research.  Few  projects  have  reported  on  military 
applications  of  the  knowledge  developed  by  the  investigations. 

Direct  attention  to  the  military  aspect  of  coastal  information 
has  been  most  evident  in  the  work  of  W.C.  Putnam,  J.T.  McGill  and  others 
of  the  University  of  California  (Los  Angeles)  on  the  nature  of  worldwide 
coastal  environments  (1954-1960).  The  influence  of  coastal  landforms  and 
vegetation  on  amphibious  landings,  vehicular  movement  on  beaches,  and 
cover  and  concealment  was  specifically  discussed  for  the  different  types  of 
environments.  However,  the  military  neei  f^r  knowledge  of  coasts  is 
acknowledged  to  be  a  motivation  for  the  support  given.  Pruitt  states  that 
'World  War  II  brought  into  clear  focus  not  only  the  need  for  specific 
information  on  individual  coasts  but  also,  and  more  important  from  the 


*  Further  identification  of  research  supported  by  the  Office  of  Naval 
Research  appears  in  Section  B,  Subsection  3,  of  this  chapter. 


research  view,  lack  of  fundamental  knowledge  concerning  coasts  in  general. 
Wartime  studies,  which  frequently  took  on  the  aspects  of  expediency,  did 
much  to  pinpoint  and  clarify  the  basic  scientific  problems.''  ^ 

The  Geography  Branch  sponsored  Coastal  Geography  Con¬ 
ferences  in  1954  and  1959  jointly  with  the  National  Academy  of  Sciences - 
National  Research  Council  Committee  on  Geography  (Advisory  to  the  Office 
of  Nayal  Research).  The  first  of  these  conferences  presented  discussions  of 
projects  supported  by  ONR:  the  second  included  discussions  by  grantees  and 
invited  European  specialists.  In  1961,  this  office  sponsored  a  study  by  an 
Ad  Hoc  Panel  on  Coastal  Geography  (R.  J.  Russell,  chairman),  the  purpose 
of  which  was  to  fix  attention  on  the  major  problems  of  the  coastal  zone  and 
propose  steps  in  the  development  of  an  integrated  national  research  program 
in  coastal  geography. 

In  1 96 1 ,  ONR  and  the  National  Science  Foundation  sponsored 
the  First  National  Coastal  and  Shallow  Water  Research  Conference  composed 
of  three  regional  meetings  in  Baltimore,  Maryland;  Tallahassee,  Florida; 
and  Los  Angeles,  California.  At  this  conference,  Pruitt  presented  an 
account  of  the  coastal  research  program,  including  projects  in  the  humid 
tropics,  from  its  inception. 

Other  American  military  agencies  have  a  record  of  interest 
and  activity  in  the  investigation  of  coastal  features:  the  U.S.  Naval  Civil 
Engineering  Research  and  Evaluation  Laboratory,  which  has  performed 
research  on  trafficability  of  beaches;  and  the  U.S.  Army  Coastal  Engineering 
Research  Center  (formerly  Beach  Erosion  Board),  which  ''conceives,  plans 
and  conducts  research  and  development  in  the  field  of  coastal  engineering  in 
order  to  provide  better  understanding  of  shore  processes,  flood  and  storm 
promotion,  beach  erosion,  and  shore  structures.’’  *  Neither  agency  is 
involved  specifically  in  studies  of  the  humid  tropics,  but  the  results  of 
their  work  have  worldwide  applications. 
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C.  MAJOR  PROBLEMS  FOR  CONTINUED  AND  FUTURE  INVESTIGATION 


During  the  last  decade,  various  groups  ol  authorities  and 
individual  specialists,  including  the  NAS-NRC  Committee  on  Geography,** 
the  NAS-NRC  Committee  on  Oceanography,  H.  Valentin,  ancj  x. 
McGill,**  have  emphasized  the  general  lack  of  adequate  data  on  coasts  every¬ 
where  and  the  complete  lack  of  any  data  on  long  stretches  of  some  coasts. 

In  essence,  therefore,  the  need  for  more  knowledge  is  so  broad  uiat  any  new 
information  can  be  considered  useful.  However,  the  Committee  on  Geography 
observes  also  that  the  exact  state  of  knowledge  of  coasts  cannot  be  determined 
until  the  a/ailable  data  have  been  critically  evaluated. 

Each  of  the  two  committees  mentioned,  as  well  as  the  Inter¬ 
governmental  Commission  on  Oceanography ,*  1  the  Panel  on  Coastal  Geogra¬ 
ph'-  (K.O.  Emery,  chairman),*^  and  the  Hawaii  Institute  of  Geophysics,  20 
has  gathered  opinions  on  the  problems  requiring  investigation  and  the  particu¬ 
lar  types  of  data  needed.  In  addition  to  the  comprehensive  statements,  par¬ 
ticular  problems  requiring  investigation  have  been  discussed  by  Valentin  and 
Guilcher.  The  former  is  concerned  with  the  methodology  of  coastal  mor¬ 
phologic  research,  which  has  been  unsuited  for  dealing  adequately  with  the 
variability  of  coastal  conditions,  and  with  the  problems  of  vertical  and  hori¬ 
zontal  movements  of  shorelines.  Guilcher  is  interested  in  the  broad  prob¬ 
lems  of  shoreline  movements,  processes  and  rates  of  sedimentation,  and 
formation  of  reefs. 

The  following  list  of  problems  requiring  further  investigation 
has  been  prepared  from  publications  by  the  cited  authorities,  determinations 
of  the  present  Inventory,  and  direct  communications  by  consultants  to  the 
Inventory: 

1.  General  Problems 

•  Relationship  between  bedrock  structures  and  present 
coastal  profiles 

•  Effects  of  shelf  width,  swell,  tides,  storms,  earth 
movements,  and  man-made  structures  on  coastal 
morphology  and  regime 

•  Chronology,  magnitude  and  effects  of  Quaternary  sea- 
level  changes 

•  Occurrence  and  behavior  of  tsunamis 

•  Data  on  tidal  currents  in  narrow  channels 

•  Explanation  of  contemporary  condition  of  coasts  on  a 
worldwide  basis 
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•  Establishment  of  generally  accepted  classification 
systems  for  coasts  and  standards  of  coastal 
terminology 

i.  Problems  of  Cliffed  Coasts 

•  Mechanisms  of  retreat  of  headlands  and  cliffs 

•  Processes  of  formation  of  coastal  platforms 

•  Rate  and  manner  of  operation  of- rock- reduction 
processes  in  different  coastal  climatic  regimes 

3.  Problems  of  Low  Coasts 

•  Dimensions  of  beaches  and  dunes 

—  Purpose:  indicate  protection  giv*  :i  backshore 
from  storm  action 

•  Profile  —  measurement  at  least  semiannually  and  after 
tsunamis 

—  Purpose:  important  in  planning  maintenance  of 
recreational  beaches,  control  of  beaches  being 
exploited  for  sand,  and  protection  of  beaches 
adjacent  to  marine  engineering  works 

•  Composition  of  beach  face  —  mean  grain  size,  mineral 
composition  to  nearest  5  percent 

—  Purpose:  indicates  stability  of  beach  face 

•  Characteristics  of  local  beach  areas  with  unusually 
high  production  of  sand 

—  Purpose:  determination  and  maintenance  of  conditions 
favorable  to  production  of  sand 

•  Ecology  of  fo  ammife ra,  halimeda,  brittle  stars, 
echinoids,  corals,  and  sponges  and,  in  brackish 
water,  dwarf  mollusks  and  ostracods 

—  Purpose:  determination  of  importance  of  shells, 
spicerles,  plates,  and  fragments  in  formation  of 
calcareous  beaches 

•  M  oisture  content  of  beaches 

•  Determination  of  zones  of  fresh-water  seepage 
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•  Effect  of  controlled  stream  runoff  on  supply  of  sand 
to  beaches 

—  Purpose:  maintenance  of  supply  moved  by  long¬ 
shore  currents  or  avoidance  of  excessive  depo¬ 
sition  of  mud  with  high  organic  content  on  beaches 

•  Distribution  of  wave  heights,  periods  and  directions 
of  approach 

—  Purpose:  determination  of  destructive  influences 
on  artificial  shore  defenses 

•  Effect  of  artificial  defenses  on  growth  of  normal 
beaches  and  dunes 

—  Purpose:  preservation  of  beaches  and  improvement 
of  defenses 

•  Engineering  research  on  washing  of  dune  sands  con¬ 
taminated  with  organic  material,  intcrbedded  allu¬ 
vium  or  wind-blown  dust 

—  Purpose:  improvement  in  quality  of  commercial 
sources  of  sand 

4.  Sedimentation  Problems 

•  Processes  and  rate  of  sedimentation  in  coastal 
marshes  and  estuaries 

•  Relationships  of  saltwater-fresh  interface  to  rates 
and  characteristics  of  sedimentation 

•  Bottom  silting  conditions 

—  Purpose:  more  accurate  prediction  for  improved 
harbor  construction 

5.  Problems  of  Nearshore  and  Offshore  Features 

•  Composition  from  mean  sea  level  to  3  or  6  fm 

•  Sand  content,  dynamic  processes  and  geologic  history 
of  sand-bottcmed  channels  crossing  reefs 

•  Processes  of  formation  and  alteration  of  bars  and 
barrier  islands 

•  Origin  and  structure  of  diffevent  types  of  reefs  such 
as  true  atolls  and  annual  reefs 


T 
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•  Nearshore  wave  and  current  conditions  and 
characteristics  of  bottom  topography 

—  Purpose:  determination  of  rapidity  with  which 
sediments  are  moved  along  share 

—  Application:  to  improve  navigation  guides  and 
reduce  losses  of  ships  through  stranding  and 
collision  and  to  establish  pipelines  stretched 
from  anchored  offshore  buoys  to  beach  for 
transfer  of  bulk  cargoes,  such  as  petroleum, 
along  open  coasts 

6.  Problems  of  Water  Properties  and  Characteris  ics 

•  Temperature  distribution  in  surface  water  — 
preferably  to  nearest  0-  1°C  but  useful  if  only 
to  1°C 

—  Purpose:  determination  of  horizontal  and 
vertical  circulation  patterns 

•  Salinity  to  determine  rate  of  intermixing  of  coastal 
water  with  inflowing  sea  water  and  fresh  water 

•  Acoustical  effects  and  conductivity 

7.  Pollution  Problems 

•  Physical  movement  and  dispersion  of  municipal  and 
industrial  wastes  in  coastal  environment 

•  Biological  and  geochemical  interactions  of  waste 
components  with  marine  environment 

—  Purpose:  for  protection  of  inshore  areas 
(recreational  beaches,  fishing  grounds  and 
and  harbors)  from  deterioration,  for  positioning 
best  outfall  locations  for  wastes,  and  for 
determination  of  degree  of  treatment  neeued 
for  wastes 

•  Physical  dispersion  and  biological  effects  of  radio¬ 
active  materials  in  inshc  re  waters 

—  Purpose:  determination  of  effects  of  use  of  water 
by  nuclear  power  plants  as  source  of  condenser 
coolants  and  release  of  radioactive  nuclides 


•  Geographic  distribution,  life  history,  physio’ogy,  | 

and  behavior  of  different  species  of  marine  f 

organisms  infesting  ships,  particularly  in  trop-  f 

ical  ports  > 

—  Purpose:  development  of  antifouling  procedures  \ 

> 

Detailed  information  is  needed  also  on  the  meteorological,  i 

climatological,  ecological,  and  cultural  aspects  of  humid  tropical  coasts  to  f 

produce  a  complete  understanding  of  the  environment  and  its  relationships  J 

to  the  neighboring  hinterland  and  sea.  f 

From  the  standpoint  of  military  use  of  the  coastal  zone,  espe-  \ 

cially  for  landings,  the  following  topics  require  consideration:  ; 


•  Amplitude  and  frequency  of  tides 

•  Effect  of  bottom  conditions  on  accessibility  of  shore 

•  Anchorages 

•  Offshore  obstac.  .-s  such  as  islands,  reels,  shoals, 
bars,  and  submerged  wrecks 

•  Seasonal  and  other  distribution  of  storms 

•  Natural  harbors 

•  Location  of  beach  with  respect  to  approaches 

•  Dimensions  and  composition  of  beach  for  evaluation 
of  trafficability  and  suitability  for  stockpiling 

•  Conditions  for  preparing  harbors,  including  availability 
of  materials  and  opportunity  for  rapid  dredging  of 
channels 

•  Coastal  features  such  as  cliffs,  dunes,  embankments; 
woods,  and  mam-made  structures  to  determine  their 
effect  on  movement  and  the  availability  of  cover  and 
concealment 

•  Location,  dimensions  and  trafficability  of  exits 
D.  BARRIERS  TO  THE  ADVANCEMENT  OF  KNOWLEDGE 

Knowledge  of  the  coasts  is  marked  by  many  gaps  for  the  same 
reasons  that  other  aspects  of  humid  tropical  environments  are  incompletely 
known.  Basically,  these  are  not  scientific  problems  but  problems  of 
resources.* 

♦Further  discussion  of  the  basic  problems  in  given  in  Chapter  I:  Lntroductioa. 

187  sciones  mtvIcm  division 


-*S"* 


Additionally,  some  peculiarities  ul  coastal  research  have 
affected  advancement  of  knowledge  of  the  humid  tropical  coasts.  An  imp  riant 
factor  noted  S-,  J.  L,  Davies  is  ’‘that  much  of  the  classical  work  in  coastal 
geomorphologv  was  carried  out  in  i\» w  England  and  Western  Europe."***  The 
knowledge  of  coasts  stresses  features  of  these  regions  and,  correspondingly, 
faiis  to  explain  fully  or  well  some  of  those  of  the  humid  tropics.  Davies 
believes  the  "unfavorable  balance  has  been  redressed  to  some  extent  by  work 
in  California,  the  Gulf  of  Mexico  and  West  Africa,  but  a  very  great  deal 
remains  to  be  accomplished  before  a  true  world  piciure  of  shoreline  develop¬ 
ment  emerges.’ 


On  another  subject,  A.  Guilcher  observes  that  "The  problem 
of  shoreline  movements  is  one  of  the  most  important  and,  at  the  same  time, 
most  difficult  aspects  of  geo.norphology.  The  enormous  growing  bibliography 
merely  increases  the  confusion.  Research  methods  are  complicated  and 
critical,  and  part  of?tJie  divergence  of  opinion  results  from  research  incor¬ 
rectly  carried 

In  1964,  the  Intergovernmental  Oceanographic  Commission 
pointed  out  that  the  study  of  oceans  is  complicated  by  their  constantly  chang¬ 
ing  condition,  the  continued  inaccessibility  of  some  parts  of  the  oceans,  and 
the  small  number  of  observation  points.*  * 

Concerning  the  study  of  behavior  and  effect  of  waves,  currents, 
tides,  and  winds  on  beaches,  C.  A.M,  King  comments  on  the  difficulty  caused 
by  the  large  number  of  variables. *'For  this  reason,"  King  adds,  "the 
experimental  approach  to  the  problems  is  ail  the  more  attractive  because  the 
variables  can  be  brought  under  control  and  isolated  in  the  controlled  condi¬ 
tions  of  the  model  wave  tank." 

H-  Valentin  draws  attention  to  the  practice  indulged  in  by 
many  investigators  of  using  coastal  terminology  in  an  unspecified  but  obvi¬ 
ously  not  a  universally  accepted  sense.*'  The  confusion  and  disagreement 
caused  by  this  habit  are  inimical  to  the  orderly  advancement  of  knowledge. 

E.  EVALUATION  OF  THE  STATE  OF  KNOWLEDGE 

For  this  Inventory,  the  cooperation  of  experts  with  personal 
experience  in  the  humid  tropics  has  been  sought;  they  were  asked  to  review 
the  findings  and  offer  opinions  on  the  state  of  knowledge  of  humid  tr  jpical 
coasts  generally  and  of  the  108  regional  and  political  (mainly  entii  •  coun¬ 
tries)  units  identified  for  the  purposes  of  the  Inventory. 
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The  experts,  it  has  b«en  determined,  regard  the  general  stato 
of  knowledge  to  be  poor.  Their  consensus  is  that,  regionally,  the  coasts  of 
Central  America  including  the  West  Indies  are  best  known.  They  agree  that 
the  coasts  of  the  Hawaiian  Islands,  Brazil  and  Puerto  Rico  have  been  well- 
studied.  The  analysis  of  opinions  shows  that  none  of  the  experts  claim  to 
have  intimate  knowledge  of  coasts  throughout  the  humid  tropics;  therefore, 
in  keeping  with  accepted  scientific  ethics,  they  regard  themselves  qualified 
to  rate  only  those  areas  that  they  have  studied  directly  or  in  connection  with 
their  topical  investigations. 


A 


The  Inventory  shows  a  preponderance  of  literature  on  coasts 
of  Central  and  South  America.  It  appears,  as  the  experts  have  i  idicated, 
that  these  coasts  are  better  known  than  those  of  other  parts  of  the  humid 
tropics.  However,  the  state  of  knowledge  of  some  of  the  other  regions  may 
be  better  than  the  Inventory  shows  or  the  experts  can  certify.  American 
participation  in  coastal  research  m  the  humid-tropical  countries  of  the 
western  hemisphere  accounts  for  greater  familiarity  with  research  there 
than  in  other  regions  and  for  greater  availability  of  the  published  results. 
Information  non-U.  S.  research  decreases  with  the  increase  in  amount  that 
is  published  in  foreign  journals  and  books  despite  the  growth  of  international 
abstracting  services  intended  to  overcome  this  obstacle. 


It  is  noted  also  that  local  experts  differ  with  those  consulted 
by  this  project.  For  example,  the  high  rating  given  to  knowledge  ox  the 
Hawaiian  coa3ts  must  be  balanced  against  the  opinion  of  scientists  working  \ 

continuously  in  that  region,  who  enumerate  countless  gaps  in  knowledge.  I 

Similar  observations  were  made  on  the  opinions  of  American  observers  and  \ 

local  experts  regarding  the  knowledge  of  Brazilian  coasts.  The  German 
specialist  on  coasts,  H.  Valentin,  found  on  direct  inspection  that  the  data  on 
presumably  known  coasts  of  Northern  Australia  were,  in  reality,  limited  to 
old  and  (by  present  standards)  incomplete  and  superficial  mapping.  I 

f 

Although  the  humid-tropical  coasts  in  general  are  not  consid-  ? 

ered  to  be  adequately  known,  the  state  of  knowledge  of  coasts  in  other  parts 
of  the  world  is  not  necessarily  better.  R.  W.  Fairbriage,  a  long-time  stu-  f 

dent  of  humid-tropical  and  other  coasts,  remarks  that  it  is  not  necessary  to  I 

go  to  the  humid  tropics  to  find  poorly  known  coasts,  for  they  are  common  in  i 

our  own  proximity  on  the  shores  of  the  United  States.  ! 


F.  RECOMMENDATIONS  FOR  ADVANCING  THE  STATE  OF  KNOWLEDGE 

Knowledge  of  the  coastal  zone  is  a  combination  of  geologic, 
oceanographic,  biologic,  ecologic,  hydrologic,  geographic,  and  engineering 
information.  Coordinated  interdisciplinary  research  is  required  to  create 
a  balanced  understanding  of  this  environment.  Fairbridge  observes 
that  the  interactions  in  the  coastal  zone  are  so  complex  that  parameters 
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cannot  be  fixed  on  the  basis  of  investigations  in  localized  areas  but  require 
worldwide  study By  suen  study,  the  NAS-NRC  Commi-tee  on  Geography 
(1961)  states  that  analogous  areas  can  be  delimited  ane  defined  and  the 
detailed  similarities  and  differences  of  different  coaxial  areas  determined  to 
permit  better  use  of  coasts.**  Regional  study  of  the  coastal  zone  can  then 
lead  to  future  intensive  study  of  smaller  areas. 

The  NAS-NRC  Committee  on  Geography  recommends  develop¬ 
ment  of  mstruments  and  techniques  to  obtain  more  complete  and  accurate  data 
on  propeities  and  relationships  ol  land,  sea  and  air  in  the  coastal  zone.  It 
encourages  improvement  iu 

•  Methodology  and  procedures  for  design  of  sampling 
patterns,  frequency  and  sites 

•  Equipment  for  recovery  of  sediment  and  water  samples 
and  for  their  rapid  and  accurate  analysis 

•  Techniques  foi  designing  and  operating  physical  models 
of  beaches 

e  Theoretical  models  of  the  action  of  breaking  waves,  wave 
refraction  and  coast  currents,  dune  structure  and  beha¬ 
vior,  beach  structures,  tidal  flushing,  sediment  erosion 
and  transport,  and  other  phenomena 

•  Techniques  for  stabilizing  beaches 

The  NAS-NRC  Committee  on  Geography  notes  that  about  50 
scattered  field  stations  and  some  universities  possess  facilities  that  can 
serve  research  on  the  coastal  zone  but  that  these  facilities  are  mainly  con¬ 
cerned  with  limited  topical  or  areal  aspects  of  the  coastal  zone.  "There  is 
a  special  need  for  the  establisnment  of  reserved  natural  areas  for  labora¬ 
tory  research,  with  facilities  provided  for  scientists  to  live  and  study  at  the 
sites  ...  In  addition  ...  it  is  necessary  to  establish  several  centralized 
facilities  to  provide  services  that  will  increase  the  effectiveness  of  research." 
These  services  "would  relieve  the  expert  from  undertaking  time-consuming, 
routine,  but  necessary  operations,  and  .  . .  would  supply  him  with  the  newest 
equipment  and  instruments  (and)  would  insure  greatest  efficiency  in  informa¬ 
tion  recovery." 


The  specific  service  facilities  recommended  by  the  Committee 

are: 

•  For  Data  Gathering 

—  equipment  pools  of  planes,  boats,  amphibious  vehicles, 
and  measuring  instruments 

—  index  of  equipment  available  for  loan 
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—  center  lor  designing,  building  and  calibrating  new 
specialized  equipment  (such  as  sensing  devices) 

—  specialized  equipment  (such  as  tanks  and  physical 
models)  for  simulation  of  complex  environmental 
conditions 

•  For  Sample  Analysis 

—  se  'imentology  and  chemical  laboratories 

—  bioiogic  identification  laboratory  including  library 
of  plant  pollen  found  in  coastal  areas 

—  Geochemical  dating  laboratory 

•  For  Information  Processing,  Storage  and  Dissemination 

—  clearinghouse  for  exchange  of  data -processed  pro¬ 
grams  and  advice  on  progrp.mming 

—  data  center 

—  bibliographic  and  reference  center  with  map  and 
photo  libraries  and  information  on  all  current 
research  in  progress  on  coastal  zones 

~he  Panel  on  Coastal  Geography**^  and  R.  W.  Fairbridge^  in 
1965  emphasized  the  need  for  coordinating  ground  studies  with  investigations 
by  aerial  photography  and  sensing  imagery.  The  panel  places  priority  on  the 
problem  of  calibrating  and  evaluating  the  imagery  from  available  sensors. 
Fairbridge  recommends  the  organization  of  a  committee  of  national  and  inter¬ 
national  authorities  and  study  groups  including  such  organizations  as  the 
International  Conference  on  Coastal  Engineering  Council  for  Wave  Research; 
International  Association  for  Quaternary  Research  Commission  on  Shorelines; 
International  Geographical  Union  Commission  on.  Coastal  Geomorphology; 

U.  S.  Coast  and  Geodetic  Survey;  U.  S.  Army  Coastal  Engineering  Research 
Center;  U.  S.  Office  of  Naval  Research,  Geography  Branch;  and  (U.  S. ) 
National  Science  Foundation,  Earth  Sciences  division,  to  plan  and  coordinate 
research. 

In  1964,  UNESCC  and  the  Government  of  Pakistan  sponsored 
the  Dacca  Symposium  on  scientific  problems  of  the  humid- tropical  zone  deltas. 
The  symposium  was  conducted  under  the  leadership  of  F.R.  Fosberg,  chair¬ 
man  of  the  Advisory  Committee  on  Humid  Tropics  Research. ^  This  meet¬ 
ing  produced  55  contributions  by  experts  from  many  countries;  they  discussed 
a  wide  variety  of  topics  embracing  the  natural  and  human  factors  of  delta 
areas,  mainly  in  the  humid  tropics.  The  findings  and  conclusions  of  this 
grcup  of  experts  r.re  corroborated  by  the  previous  determinations  of  the 
UNESCO  committee  and  this  Inventory. 


Researcii  recommendations  given  in  this  discussion  are 
representative  of  the  problems  suggested  for  study  by  experts,  individually 
and  in  groups,  who  have  been  citid  here  and  in  Chapter  J:  (Physical  Features). 
It  is  apparent  that  the  needs  are  far-reaching  and  fundamental.  The  state  of 
knowledge  is  considered  to  be  fair  at  best  for  the  humid  tropical  coasts  as  a 
whole.  The  priority  of  problems  to  be  studied  in  any  given  area  of  these 
coasts  must  be  based  on  further  discussion  between  worldwide  experts  and 
those  currently  engaged  in  research  in  the  area. 
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REGIONAL  STUDIES  OF  THE  HUMID  TROPICS* 

A.  INTRODUCTION 

1.  Systematic  Field  of  Interest 

Regional  research  considered  in  this  chapter  includes 
environmental, analog,  land  use,  strategic,  tactical,  natural  resources, 
and  regional  delimitation  studies.  Within  the  field  of  tropical  regional 
studies  (research  of  all  aspects  of  the  environment  in  combination  for 
limited  areas  or  regions)  emphasis  in  this  report  has  been  placed  upon 
the  following: 


•  Environmental  associations  and  indicator  types 

•  Interrelationships  of  environmental  elements 

•  Regional  studies  having  military  applicability 
2.  Value  of  Inventory  of  Tropical  Regional  Rese(  x  h 

a.  Military  Applications 


Many  examples  of  employing  tactics  to  fit  the  physical 
characteristics  of  the  geographic  areas  are  reported.  ^  ^ 


Minney  presented  ar.  interesting  account  of  the 
way  in  which  Clive  used  his  knowledge  of  monsoon  effects  on  local  drainage 
and  behavior  of  the  natives  in  winning  a  battle  critical  for  England's  conquest 
of  India.  ® 


Russell,  Booth  and  Poole,  Morton  0  and  various 

7  u  q 

military  historical  studies  ’  *  7  call  attention  to  the  tactical 

ground  war  and  strategic  studies  of  World  War  H. 


4 

The  important  periodical  Military  Engineer  often  contains 
brief,  but  excellent,  descriptions  of  military  activities  in  humid  tropic 
regions  from  the  Mexican  War  through  the  present  Vietnam  conflict.  The 
significance  of  regional  geography  (for  the  humid  tropics)  is  demonstrated 


Dr.  Charles  F.  Bennett  Jr.  (University  of  California,  Los  Angeles),  Prof. 
Benjamin  J.  Garnier  (McGill  University),  Dr.  Pierre  Gourou  (University  of 
Brussels),  Dr.  Robert  W.  Richardson  (Sam  Diego  State  College),  and  Dr. 
Hilgard  O'R.  Sternberg  (University  of  California),  acting  as  consultants 
to  Texas  Instruments  Incorporated  for  this  program,  have  critically 
reviewed  this  chapter  in  its  draft  stages. 


3fc. 
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also  in  current  general  literature,  ^  trade  journals^*  ^ 
professional  serials.  ^ 


13 


and  specialized 


Recent  research,  eg.,  McCourt,  relates  humid- 
tropical  regional  factors  to  military  problems  in  the  characteristic  physio¬ 
graphy  (e.g.,  land  grain,  slope,  hydrology);  pedology;  natural  and  culti¬ 
vated  flora  and  fauna;  climatology  and  meteorology;  industry;  and  demo¬ 
graphy  of  the  areas  being  studied. 

1)  Physiography,  Pedology,  Plant  and  Animal  Life 


Collectively,  landforms,  soils,  vegetation,  and  animal  life 
control  or  limit  surface  mobility,^  as  shown  by  the  extensive  and  thorough 
research  and  development  work  of  the  U.S.  Army  Engineer  Waterways 
Experiment  Station,  Vicksburg,  Mississippi.  Recently,  the  use  ox  airborne 
and  ground-based  sensor  systems,  e.g.  ,  airborne  infrared  imaging  devices 
and  counter  battery  radar  and  higher-frequency  communication  systems  such 
as  UHF  radio,  have  been  found  to  be  strongly  influenced  by  line-of-sight 
conditions  imposed  by  landforms  and  vegetation  *°*  ^  and  frequently  by  the 
composition  and  condition  of  soils.  Subsurface  conditions  also  influence 
remote  sensing  in  many  airborne  modes  and  are  considered  important  to 
aerial  seismic  and  magnetic  methods. 


As  conventional  and  nuclear  warhead  yield  increases,  ground- 
zero  locations  become  more  critical  in  order  to  avoid  adverse  topographic 
channeling  and  dissipation  of  blast  effects  away  from  the  target.  Other 
significant  aspects  concerning  the  importance  of  physical  features  and  plant 
and  animal  life  to  the  military  can  be  seen  in  detail  in  this  compendium's 
Chapters  II  and  111. 


2)  Climatology  and  Meteorology 

The  influences  of  the  atmosphere  on  mobility,  comfort, 
clothing  aud  equipment  utility,  and  other  conditions  have  been  described 
more  fully  in  Cnapter  IV.  Another  consideration  of  significance  is  the 
subject  effect  of  the  atmosphere  on  sensor  and  communication  system 
performances.  Typical  of  these  effects  are  the  high  rates  c4 

attenuation  for  electromagnetic  energy  tiansmission  associated  with  pre¬ 
cipitation,  atmospheric  particle  constituents,  e.g.,  H20,  CO,  CO^, 

02,  ^  and  any  solid  nucleii  around  which  fluid  particles  may  have  formed. 
Many  of  these  atmospheric  substances,  e.g.,  water  vapor,  are  particu¬ 
larly  prevalent  in  the  humid  tropic  latitudes  and  specifically  in  the  more 
heavily  vegetated  regions.  ^ 

3)  Socio-Economic  and  Political  Considerations 


Today,  socio-economic  and  political  factors  are  given  a  very 
high  level  of  consideration  in  U.S.  military  operations.  1^,  13,  15 
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Several  o£  these  factors  which  illustrate  this  emphasis  are  found  in  the 
present  Vietnam  situation  and  include  the  following: 

i 

•  The  Viet  Cong  have  neithe-  physical  characteristics  nor 

necessarily  uniforms,  weaponry  or  emplacements  that  identify  them  as  1 

the  enemy.  They  cannot  be  treated  as  a  collective,  continuously  cohesive  • 

force  distinct  from  the  Vietnamese  civilian  populace.  This  situation  occurs 
wherever  organized  and  regular  forces  enter  contests  with  guerrillas,  * 

insurgents  and  infiltrators.  j 

•  The  irregulars  encountered  with  increasing  frequency  m 
military  operations  during  the  past  10  years  use,  to  a  great  extent,  local 
supply  sources.  They  obtain  personnel,  intelligence,  shelter,  food,  other 
supplies,  and  at  times,  moral  support  from  civilians  in  their  proximity. 

These  aforementioned  factors  suggest  that  military  solutions  to 
certain  limited  warfare  problems  could  be  achieved  more  through  socio¬ 
economic  and  psychological  rather  than  only  classical  (military)  physical  and 
engineering  approaches.  Success  of  applied  socio-economic  factors  was 
demonstrated  by  the  British  relocation  policies  in  countering  the  Malayan 
Communist  movement. 


Industrial  activity  is  limited  in  the  humid  tropics;  therefore, 
industry  is  relatively  insignificant  for  military  objectives  or  purposes.  Such 
industrial  activity  which  is  significant  is  limited  to  scattered  examples  such 
as  the  mining  industry  of  Katanga;  the  oil  refineries  of  Indonesia;  manufac¬ 
turing  ranging  from  electronics  to  shipbuilding  in  Hong  Kong,  Singapore  and 
the  Philippines;  and  the  sugar  and  mineral  processing  in  Cuba. 

b.  Importance  to  Civilian  Affairs 

Regional  geographic  data  are  needed  but  remain  sparse  for 
the  economic  development  and  furtherance  of  national  aspirations  in  essen¬ 
tially  all  humid  tropics  political  units.  However,  a  step  forward  in 
alleviation  of  this  situation  with  regard  to  the  agricultural  sector  recently 
has  been  accomplished  by  the  Pan  American  Union. 

Since  humid  tropics  regional  research  has  long  been  recog¬ 
nized  as  critical  in  establishing  the  manner  in  which  industrial  growth, 
resources  exploitation  and  the  consequent  population  shift,  growth  and 
upgrading  can  and  should  develop  for  achieving  national  goals,  the  absence 
of  such  regional  studies  creates  the  need  for  their  being  undertaken. 

Simon  Baker,  University  of  Arizona,  suggests  that  existing 
regional  studies  of  the  tropics  often  emphasize  agriculture  "because  this 
is  the  dominant  human  occupation  in  the  tropics.  Relationships  between 
agricultural  activities  and  natural  and  social  environments  are  usually 
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able  to  profit  ironi  the  experience  of  other  village  people  in  tropical  Africa 
or  tropica)  Latin  America.  Baker  advocates  the  comparison  of  regional 
studies  by  specialists  and  the  utilization  of  tropical  regional  studies  on  the 
village  level  in  a  program  to  improve  nutrition  and  living  standards  for  rural 
tropical  people.  "Americans  involved  in  overseas  aid  programs  of  all 
types  should  be  made  cognizant  of  the  value  of  the  tropical  regional  studies 
of  geographers.  Officials  involved  with  agricultural  development  within  the 
underdeveloped  countries  must  also  be  made  aware  of  such  studies.  "22 

B.  STATUS  AND  SIGNIFICANCE  OF  TROPICAL  REGIONAL  RESEARCH 
1.  Historical  Development  of  Tropical  Regional  Research 

Interest  in  humid  tropic  regions  can  be  traced  to  writings  of 
the  ancient  Egyptians  and  Greeks  such  as  Ptolemy  and  Strabo.  2^>  24  jQ 
most  cases,  they  emphasized  human  geography  possibly  because  the  African 
and  Indian  numid  tropics  were  important  only  as  a  source  of  slaves  and 
valuables.  Investigations  into  the  humid  tropics  also  was  accomplished  by 
Arab  merchants,  who  pioneered  African,  Indian  and  Oceanian  trade  routes, 
and  by  Chinese  traders.  During  the  15th  century  when  domestic  problems 
permeated  the  Chinese  empire,  the  Chinese  were  followed  by  adventurers 
from  Western  Europe.  New  World  trade  was  exploited  in  the  Columbian 
period  by  the  Europeans  from  which  some  data,  characterized  b)  a  coastal 
zone  interest,  were  compiled.  Reference  to  Chapter  V,  "  Coastal  Zones" 
indicates  that  little  pertinent  data  was  produced  by  this  trade  activity, 
trade  activity. 

The  16th  through  18th  century  Spanish  and  Portuguese 
missionaries  provided  additional  stimulus  to  drives  inland  from  increas.agly 
exploited  Latin  American  coastal  zones.  However,  from  the  number  and 
depth  of  documents  available,  descriptions  apparently  fared  little  better 
under  religion  than  under  commerce.  Almost  without  exception,  the  scant 
records  available  show  the  error  of  extrapolating  an  entire  region’s  char¬ 
acteristics  from  the  few  points  of  observation  encountered  along  the  rivers 
and  land  trails  traversing  a  region. 

Humid  tropic  regional  research  did  not  acquire  definition  nor 
was  its  import  appreciated  until  the  20th  century.  24  In  fact,  the  initiation 
of  empirical  regional  geographic  research  has  been  placed  as  late  as  1923 
by  Whittlesey.  2^ 

During  the  second  world  war,  the  British  Naval  Intelligence 
Division's  geographical  section  under  the  direction  of  J.  M.  Wordie,  H.  C. 
Darby,  and  K.  Mason  published  a  series  of  geographical  handbooks  and 
manuals  of  various  areas  including  the  following  countries  in  the  humid 
tropics:2^ 
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•  Indochina  (Cambodia,  Laos,  S.  Vietnam,  r 

N.  Vietnam) 

$ 

•  French  West  Africa  (Senegal,  Guinea,  Ivory  { 

Coast,  Togo,  Dahomey)  f 

7 

•  French  Equatorial  Africa  (Congo,  Gabon, 

Central  African  Rep.  Chad)  j 

* 

•  Netherlands  Indies  (Indonesia)  • 

•  Pacific  Islands  l 

•  Belgian  Congo  < 

The  handbook  series  was  a  revision  and  expansion  nose  done  during  the  , 

first  world  war  for  the  British  admiralty.  The  staff  consisted  of  well-  I 

qualified  professional  geographers,  geologists  and  other  scientists. 

Each  handbook  was  devoted  to  an  areal  unit  and  considered 
its  physical  geography,  economic  geography,  ports,  communications, 
history,  peoples,  and  administration.  The  manuals  are  in  no  way  confined 
primarily  to  naval  affairs  and  were  written  with  peacetime  as  well  as 
wartime  purposes  in  view.  Wilson  claims  this  series  to  be  one  of  the 
most  outstanding  and  lasting  contributions  to  the  geographical  literature  that 
has  resulted  from  the  war".  ^ 

j 

7 

The  only  significant  humid-tropical  regional  research  that  \ 

was  performed  until  shortly  before  World  War  II  was  Robequain's  work  on  ; 

Annam  in  1929,  Gourou's  study  on  the  Tonkinese  delta  in  1936,  ^  and  } 

Lehmann's  studies  of  Java,  °  and  the  interdisciplinary  research  accomplished  j 
in  Latin  America  prior  to  1941.  The  last  of  these  examples  proved  valuable  | 

to  the  Joint  Army  and  Navy  Intelligence  Studies  (JANIS).  Russell  et  al  *  in  ! 

their  discussion  of  military  geography  consider  the  JANIS  reports  "to  be  * 

the  finest  examples  of  wartime  (W.  W.II)  area  reports."  Most  of  the  j 

geographic  war  effort  was  devoted  to  the  preparation  of  area  intelligence 
reports  bearing  on  military,  economic,  or  administrative  problems. 


The  content  of  the  J  \NIS  Reports  varied  from  area  to 
area  due  to  differing  local  requirements  although  emphasis  was  placed 
upon  basic  descriptions  of  landforms,  soils,  vegetation  and  drainage  and 
on  evaluations  of  cities,  roads,  railroads,  etc.  The  reports  were  products 
of  inter-disciplinary  teams  of  scientists  trained  in  geology,  pedology,  meteoro¬ 
logy,  etc.  whose  work  was  coordinated  and  directed  by  geographers.  They 
were  compiled  largely  from  the  literature  however;  some  of  the 
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topic&i  chapters  like  Coasts  k.  Beaches  were  based  on  air  photo¬ 
interpretation,  These  regional  studies  generally  reflectet  the  hurried 
nature  of  their  composition.  The  data  found  therein  were  rarely  more, 
than  assemblages  of  previously  recorded,  often  obsolete  and  at  times 
erroneous  information  seldom  obtained  by  first-hand  observation. 

Tropical  regional  research  by  the  Japanese  was  initiated 
only  very  shortly  1. c-iore  World  War  II  when,  in  iate  October  1940,  the 
Total  War  Research  institute  was  established.  The  Japanese  army 
ordered  three  divisions,  tnen  in  South  China,  to  begin  training  for 
operations  in  tropical  areas  in  December  1940.  During  the  next  few 
weeks,  special  studies  were  made  of  the  geography,  terrain  and  climate 
of  Malaya,  Indochina,  the  Netherlands  Indies,  Thailand,  and  Burma, 
with  emphasis  on  the  problems  of  military  operations  in  :hose  environ¬ 
ments.  * 


The  Germans,  by  1943,  had  completed  production  of  the 
Mil-Geo,  Mar-Geo  and  Luit-Geo  series  of  regional  studies  which  included 
data  gathered  m  specifically  oriented  fieid  programs  begun  in  1924  by- 
German  intelligence  services.  The  Mil -Geo  handbooks  (Militargeograph- 
ische  Angaben)  were  prepared  for  all  areas  into  which  the  German  army 
planned  to  move.  The  handbook  consisted  of  separate  volumes  of  descriptive 
text,  selected  photographs,  a  gazetteer,  and  through -route  town  plans.  29 
The  handbook  was-  accompanied  by  a  folder  of  maps,  scaled  1:300,009  or 
smaller,  portraying  natural  and  cultural  landscapes.  The  Mar-Geo  group 
was  established  in  1942  by  the  German  Naval  high  command  to  prepare 
maps  of  detailed  landforms  and  underwater  conditions  ox  European  coasts. 

The  Mil-Geo  series  emphasized  coverage  of  the  Germans'  planned  ecumene, 
primarily  Europe  and  Western  USSR,  and  thus  anticipated  rather  than  performed 
a  treatment  of  humid  tropic  regions  (as  would  have  been  encountered  by 
movement  south  inti  tropical  Africa  and  east  toward  India). 


Limited  regional  geographic  data  were  assembled  in  the  post- 
World  War  II  years  by  the  U.S.  Air  Force.  Generally,  these  data  exist 
as  descriptive  introductions  to  possible  targets  for  aerial  bombardment, 
at  times  becoming  more  specific,  e.g. ,  in  relating  physiography  as  an 
influence  on  weapons'  effjcts. 


The  "National  Intelligence  Surveys"  (MIS)  series  published 
by  the  Central  Intelligence  Agency,  Washington,  D.C.  ,  is  classified,  but 
it  may  be  noted  here  that  each  of  the  important  volumes  contains  perhaps 
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the  most  extensive  and  intensive  known  coverage  of  geographic  regional 
data  found  withLi  each  (humid  tropical)  nation's  political  boundaries.  The 
U.S.  Air  Force  target  studies  are  similar  to  the  NIS  volumes  in  the  military 
orientation  of  presented  geographic  data.  The  fact  that  geographic  regional 
data  are  terminated  by  political  boundaries  need  not  be  a  limitation  where 
volumes  on  adjoining  countries  are  available. 

The  advent  of  Communist  North  Korean  action  against  the 
Republic  of  Korea  in  1950  renewed  the  possibility  that  the  United  States 
might  be  engaged  in  scattered  global  actions  in  numerous  locales  and 
varied  environments.  Communist -directed  or  oriented  actions  against  the 
French  in  Indochina,  the  Dutch  in  Indonesia,  the  British  in  Malaya,  the 
Philippine  government  by  the  HUKS,  the  Castro  regime  in  Cuba,  plus  the 
Guatemalan,  Venezuelan  and  other  Latin  American  events  all  served  to 
establish  that  fulfillment  of  U.S.  obligations  could  require  emphasis  on 
preparedness  for  humid  tropic  region  operations.  Accompanying  this 
awareness  was  recognition  and  confirmation  of  the  scarcity  of  available 
humid  tropic  regional  data.  In  the  early  1950's,  a  considerable  amount  of 
valuable  information  on  Thailand^  was  assembled,  and  it  reappeared 
verbatim  (except  for  minor  updating  of  illustrations)  in  a  very  recent  USTRC 
publication  on  the  Southeast  Asia  environment.  ^  Only  minor  attention 
to  change  occurring  in  the  region  in  intervening  years  was  evident.  A 
"classic"  tropical  regional  study  was  published  only  5  years  ago  by 
G.  Lasserre.  His  2-volume  work  on  Guadeloupe^*  has  been  regarded  as 
the  best  regional  geography  ever  done  for  a  tropical  American  area  . 

2.  Status  of  Tropical  Regional  Research  Development 

Although  the  impor'ance  of  tropical  regional  research  wau 
established  by  the  global  events  oj  the  past  25  years,  it  can  be  concluded 
that  little  nonmilitary  regional  geographic  work  was  performed  even  for 
those  areas  convenient  to  many  qualified  geographers  of  North  America  j 

and  Europe.  The  extent  of  coverage  is,  therefore,  inadequate  in  breadth.  :■ 

Only  time  and  a  continuation  and  expansion  of  the  few  efforts  being 
performed  in  deptn^^*  ^  can  alleviate  this  situation.  While  this  is  true  of 
both  military  and  nonmilitary  aspects,  additional  contributions  to  the  field 
can  be  expected  with  the  growing  awareness  of  the  nonmilitary  importance 

of  the  subject.  34,  35  , 

} 

C.  REVIEW  OF  CURRENT  ACTIVITY  AND  TECHNIQUES  USED  IN  HUMID  f 

TROPICS  REGIONAL  RESEARCH  f 

1.  Introduction  I 

The  term  "current"  as  applied  in  this  section  of  the  report 
describes  regional  research  activity  in  progress  or  that  which  has  been 


Gourou,  P. , 


1966,  Personal  Correspondence,  21  February. 


201 


•clone*  MrvteM  division 


undertaken  and  the  results  published  in  the  period  1964-05.  Data  are  based 
on  this  program's  literature  search  and  the  assistance  of  project  consultants 
who  have  reviewed  the  bibliography  and  submitted  an  assessment. 

Interest  in  regional  research  by  geographers  in  t.'opieal 
regions  is  directed  toward  such  applications  as  land  utilization,  resettlement, 
hydrological  problems,  and  resources  development.  Such  regional  studies 
carried  out  in  the  tropics  reflect  the  specialties  of  the  geographer  and/or 
objectives  of  funding  agencies.  Generally,  they  can  be  regarded  as  primary 
or  supporting  data  sources  for  regional  studies  for  military  application 
since  data  collected  for  one  requirement  are  sufficiently  definitive  for 
multipurpose  use.  Topical  studies  as  reported  in  other  chapters  of  this 
compendium  are  frequently  designed  to  produce  results  usable  in  regional 
environmental  studies. 


2.  U.  S. -Sponsored  Current  Research  Activity 


Major  tropical  regional  research  activity  in  this  country  stems 
from  long-term  objectives  of  the  U.S.  military  to  compare  world  environments 
with  those  of  principal  test  sites  and  to  support  environmental  research  and 
climatic  testing  projects.  In  1965,  a  facility  for  empirical  research  was 
established^  at  the  U.S.  Army  Tropic  Test  Center,  Fort  Clayton,  Canal 
Zone.  A  5-year  plan  for  accumulating  an  environmental  data  base  for 
regional  studies  in  the  humid  tropics  was  initiate-*  to  provide  meaningful 
tropical  environmental  criteria  for  analog  requirements  as  well  as  for 
material  development  and  testing.  A  similar  program  is  planned  for  Thailand. 


36 


Supplementary  to  the  Advanced  Research  Projects  Agency's 
(ARPA)  Project  AGILE,  a  team  of  Army  ground  mobility-environmental 
specialists  conducted  a  regional  study  of  Southeast  Asia.  This  was  an 
advance  party  for  a  projected  long-term  research  effort  begun  in  May  1962. 
Technical  and  administrative  conduct  of  the  program  was  assigned  to  the 
U.S.  Army  Engineer  Waterways  Experiment  Station  (WES),  and  field  data 
were  collected  in  Thailand.  ^  This  work  is  a  major  activity  of  WES's 
Military  Evaluation  of  Geographic  Areas  (MEGA)  group.  Other  MEGA 
activities  include  environmental  data  collection  programs  being  conducted 
in  Puerto  Rico  and  the  Caribbean  (Panama,  Colombia,  Costa  Rica,  Nicaragua, 
and  Guatemala)  area  by  WES  Tropical  Terrain  Research  Detachment  teams. 


The  physical  environments  of  Southeast  /sia  have  been  the 
concern  of  Project  MERS  (OSD/ ARPA  Mobility -Environmental  Research 
Study)  performed  under  the  auspices  of  U.S.  Army  Engineer  Waterways 
Experiment  Station.  Objectives  of  the  MERS  program  included  development 
of  systematic  procedures  for  establishing  optimum  vehicle  design  criteria 
on  the  basis  of  environmental  factor  measurements  and  tactical  deployment 
considerations.  Other  objectives  included  corollary  development  of  techniques 
lor  pieaicting  from  regional  environmental  data  the  mobility  characteristics 
of  a  given  vehicle.  MERS  study  areas  in  Thailand  included  Nakhon  Sawan, 
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A  mapping  activity  was  applied  to  the  seven  regions  by  the  Photographic 
Interpretation  Research  Division  of  U.S.  Array  Cold  Regions  Research  & 
Engineering  Laboratory,  using  photography  that  primarily  was  10  years 
old.  38 


The  Office  of  Naval  Research  (ONR)  is  sponsoring  field 
investigations  in  Africa,  Asia,  Oceania,  South  America,  and  in  the 
Caribbean  (islands  and  lowlands  of  the  Caribbean,  Middle  America  and 
northern  South  America).  West  African  island  studies  are  being  made  oy 
H.  H.  Aschmann  of  the  University  of  California,  Riverside,  California, 
and  the  Caribbean  program  is  being  coordinated  by  J.J.  Parsons,  Uni¬ 
versity  of  California,  Berkeley,  California.  M.  J.  Eden  of  McGill  Uni¬ 
versity  recently  completed  an  ONR -sponsored  regional  study,  The  Savanna- 
Ecosystem  -  Northern  Rupununi,  British  Guiana. 

Government-sponsored  research  at  Indiana  University, 

Bloomington,  Indiana,  in  progress  or  recently  completed,  includes  the 
work  of  O.  P,  Starkey  on  Caribbean  trade  geography  (ONR- sponsored). 

At  American  University,  the  foreign  division  has  prepared  the  U.  S.  Army  Area 
Handbook  Series.  Many  of  these  studies  are  on  tropical  countries  (e.g.,  Thailand, 
British  Borneo,  Ghana,  Liberia,  Nigeria,  Ivory  Coast,  Congo  (B),  Cambodia, 
Laos,  etc.)  At  Clark  University,  a  program  was  begun  in  i960  by  S.  Van 
Valkenburg  for  study  of  machine  storage  of  environmental  data  collected  in 
central  and  contiguous  portions  of  Africa.  Funding  was  not  available  for  this 
program's  continuance  in  1962/63. 

A  bio-ecological  classification  scheme  is  being  evaluated  for 
use  in  organizing  environmental  data  into  a  worldwide  classification  system 
for  regional  p'anning.  L.  R.  Holdridge  is  the  principal  investigator  of  this 
ARO-sponsored  program.  Project  consultants  are  A.  W.  Kuchler,  Ta  Liang 
and  L.  C.  Stuart.  The  project  being  conducted  by  Wilson,  Nuttall,  Raimond 
Engineers  at  the  Tropical  Science  Center,  San  Jose,  Costa  Rica,  is  still 
underway,  and  it  has  been  reported  that  "consensus  of  the  consultants  was 
that  the  Holdridge  system  offered  a  promising  framework  for  the  military 
use  outlined,  but  that  precise  identification  of  zonal  vegetation  in  qualitative 
terms  was  needed  for  meaningful  subdivision  purposes. A  Marshall 
University  team  and  WES  representatives  are  cooperating  with  this  program. 

An  opposing  view  of  the  Holdridge  system  appears  in  Section  C.  7  of  this 
chapter. 

Aberdeen  Proving  Grounds’  Operation  Swamp  Fox  I  and  II 
involved  environmental  studies  in  Panama  by  the  Human  Engineering 
Labs  and  target  acquisition  studies  by  the  Army  Ballistics  Research  Labs. 

Prior  to  the  start  of  Swamp  Fox  III  the  project  was  cancelled. 

U  S.  Army  Natick  Laboratories  is  sponsoring  a  program  to 
delimit,  classify,  map,  and  characterize  the  humid  tropic  environments. 

These  tasks,  which  are  being  performed  by  the  University  of  Denver's 
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geography  department,  win  involve  mappiny  ilic  humid  tropic  envir  oniiicnts 
and  subregions  at  prescribed  scales. 

Through  the  Inter-American  Development  Bank  (IDB), 
Washington,  D.C.,  American  funds  are  supporting  various  regional  projects 
having  emphasis  on  industrial,  agricultural,  water,  and  mineral  resources 
development.  Allocations  have  been  made  to  many  Latin  American  countries 
for  technical  cooperation  activity  in  the  production  of  comprehensive  regional 
development  plans. 

Impact  programs  supported  by  the  UN  Special  Fund  include 
land-use  studies  (surveys,  research,  training)  in  humid  tropic  areas.  The 
following  listed  countries  have  been  engaged  in  such  regional  land-  and 
water-use  surveys  for  agricultural  development  purposes:  Brazil,  British 
Guiana,  Burma,  Republic  of  China  (2),  Congo  (Brazzaville),  Ecuador,  Ghana 
(2),  Haiti,  Kenya  (2),  Malaysia,  Nigeria,  Northern  Rhodesia,  Pakistan, 

Peru(2),  Sudan  (2),  Tanganyika,  Togo,  Uganda,  and  Venezuela.  The  UN 
also  reports  that  three  regional  land-  and  water-use  surveys  were  supported 
by  the  UN  Special  Fund.  When  it  is  considered  that  United  States  contribu¬ 
tions  to  the  UN  Special  Fund  are  approximately  40  percent,  then  it  can  be 
deduced  that  American  funds  indirectly  supported  approximately  40  percent 
of  the  cost  of  these  surveys.^ 

To  assist  Latin  American  countries  in  national  planning,  a 
Resources  Inventory  Center  was  established  by  the  Office,  Chief  of  Engineers, 
Department  of  the  Army,  Washington  D.  C.  (temporarily  located  at  Army  Map 
Service  facilities)  under  an  agreement  between  the  Agency  for  International 
Development  (AID)  and  the  Corps  of  Engineers.  The  Center  provides  technical 
services  fcr  resources  studies  and  is  organized  into  a  Data  Bank  and  an 
Analysis  and  Evaluation  Staff.  It  has  primary  responsibility  for  preparing 
physical  resources  studies  for  the  republics  of  Central  America  and  Panama.45 
Studies  for  El  Salvador  and  Costa  Rica  were  completed  recently,  and  other 
studies  are  in  various  stages  of  completion. 

USAID/GUATEMALA  reports  that  since  1962  a  geographic 
orientation  to  planning  activities  has  been  utilized  and  a  series  of  analyses 
developed  for  seven  distinct  geographic  regions  of  Guatemala.  ^6 

Massachusetts  Institute  of  Technology  has  supplied  17 
researchers  plus  consultants  on  a  4-year  program  for  economic  development 
m  the  Guayana  region  of  Venezuela.  This  work,  involving  $1,250,  000  has 
been  financed  by  Corporacion  Venezolana  de  Guayana,  Harvard  Univers¬ 
ity.  ^ 

The  Land  Tenure  Center  of  the  University  of  Wisconsin  has 
a  continuing  program  in  Latin  America  supported  by  AID  ($1,  250,  000). 

This  work  involves  comparative  studies  and  analysis  of  i.ie  economic, 
saciai,  political,  and  administrative  aspects  of  landownei  ship,  land  tenure 
and  agrarian  structure  in  Latin  America  (Northeast  Brazil, 
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Brazil,  Mexico,  Peru,  Bolivia,  and  Colombia}. 

The  Organization  for  Tropical  Studies  (OTS)  evolved  from 
several  movements  by  biologists  and  other  scholars  interested  in  the  tropics. 
It  was  incorporated  in  February  1963,  having  eight  member  universities: 

Costa  Rica,  Florida,  Harvard,  Kansas,  Miami  (Florida),  Michigan,  Southern 
California,  and  Washington.  Very  soon  thereafter  the  University  of  California 
(all  campuses)  and  Louisiana  State  University  joined.  Three  more  univers¬ 
ities  joined  recently:  Georgia,  Indiana  and  Texas  A&M.  Although  during  the 
past  3  years  the  training  offered  has  been  in  tropical  biology,  advanced 
botany  and  zoology  on  the  graduate  level  with  the  opportunity  for  independent 
research,  the  OTS  will  begin  a  geography  program  in  the  summer  of  1967. 

The  Ford  Foundation's  activities  in  overseas  development 
programs  include  supplying  consultants  to  assist  Latin  American  countries 
in  studying  their  problems  and  mapping  solutions,  educational  grants, 
and  support  of  pilot  projects.  The  Carnegie  Institution  of  Washington  has 
made  grants  for  the  advancement  of  knowledge  in  the  astronomical,  physical 
and  biological  sciences  in  Latin  America.  The  fundamental  research  in  the 
American  tropics  has  resulted  in  several  major  monographic  treatments. 

A  President's  Commission  has  been  set  up  to  study  the 
feasibility  of  a  new  sea-level  interoceanic  canal  between  the  Atlantic  and 
Pacific  Oceans  in  Middle  America.  It  is  anticipated  that  the  U.  S.  Corps  of 
Engineers  will  request  environmental  evaluation  studies  and  geologic  and 
photogrammetric  surveys  for  the  areas  of  interest.  The  Atomic  Energy 
Commission  has  a  contract  with  Battelle  Memorial  Institute  to  do  a  feasi¬ 
bility  study,  whose  environmental  aspects  are  being  advised  by  Professor 
C.F.  Bennett. 

3.  Survey  of  Current  Research  Activity  (by  Institutions  and  Scientists 
of  Humid  Tropics  Areas) 

a.  Central  and  South  America 

The  most  significant  current  Latin  American  research 
activities  in  this  field  were  reported  at  the  Mexico  City  IGU  meetings. 

The  agenda  for  this  International  Geographical  Union  Latin  American 
Regional  Conference  scheduled  for  August  3-8,  1966,  included  the  geograph¬ 
ical  approach  to  problems  of  development,  contribution  of  geography  to 
urban  planning,  world  land-use  survey  in  Latin  America,  and  problems  of 
the  geography  in  Latin  America.^ 

Regional  research  programs  in  Latin  America  include  the 
followir  Colombia,  Caldas  regional  program  (crop  diversification  and 
industrial  development);  Brazil,  studies  for  industrial  and  infrastructure 
projects  in  Bahia;  Colombia,  development  of  the  Sinu  River  Basin;  Ecuador, 
comprehensive  regional  development  plan  for  Azuay,  Canar  and  Mcrona- 
Santiago;  Haiti,  hydroelectric  resource  development;  Mexico,  settlement 
of  El  Limon  area;  Bolivia,  Caupolican  mixed  land  settlement;  feasibility 
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nrazii,  iviexico,  Peru,  Quiivia,  diiu  ColoiVibia}. 

The  Organization  for  Tropical  Studies  (OTS)  evolved  from 
several  movements  by  biologists  and  other  scholars  interested  in  the  tropics. 
It  was  incorporated  in  February  1963,  having  eight  member  universities: 

Costa  Rica,  Florida,  Harvard,  Kansas,  Miami  (Florida),  Michigan,  Southern 
California,  and  Washington.  Very  soon  thereafter  the  University  of  California 
(all  campuses)  and  Louisiana  State  University  joined.  Three  more  univers¬ 
ities  joined  recently:  Georgia,  Indiana  and  Texas  A&M.  Although  during  the 
past  3  years  the  training  offered  has  been  in  tropical  biology,  advanced 
botany  and  zoology  on  the  graduate  level  with  the  opportunity  for  independent 
research,  the  OTS  will  begin  a  geography  program  in  the  summer  of  1967. 

The  Ford  Foundation's  activities  in  overseas  development 
programs  include  supplying  cor- sultants  to  assist  Latin  American  countries 
ir>  studying  their  problems  and  mapping  solutions,  educational  grants, 
and  support  of  pilot  projects.  The  Carnegie  Institution  of  Washington  has 
made  grants  for  the  advancement  of  knowledge  in  the  astronomical,  physical 
and  biological  sciences  in  Latin  America.  The  fundamental  research  in  the 
American  tropics  has  resulted  in  several  major  monographic  treatments. 

A  President's  Commission  has  been  set  up  to  study  the 
feasibility  of  a  new  sea-level  interoceanic  canal  between  the  Atlantic  and 
Pacific  Oceans  in  Middle  America.  It  is  anticipated  that  the  U.  S.  Corps  of 
Engineers  will  request  environmental  evaluation  studies  and  geologic  and 
photogramme  trie  surveys  fer  the  areas  of  interest.  The  Atomic  Energy 
Commission  has  a  contract  with  Battelle  Memorial  Institute  to  do  a  feasi¬ 
bility  study,  whose  environmental  aspects  are  being  advised  by  Professor 
C.F.  Bennett. 

3.  Survey  of  Current  Research  Activity  (by  Institutions  and  Scientists 
of  Humid  Tropics  Areas) 

a.  Central  and  South  America 

The  most  significant  current  Latin  American  research 
activities  in  this  field  were  reported  at  the  Mexico  City  IGU  meetings. 

The  agenda  for  this  International  Geographical  Union  Latin  American 
Regional  Conference  scheduled  for  August  3-8,  1966,  included  the  geograph¬ 
ical  approach  to  problems  of  development,  contribution  of  geography  to 

urban  planning,  world  land-use  survey  in  Latin  America,  and  problems  of 
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the  geography  in  Latin  America. 

Regional  research  programs  in  Latin  America  include  the 
followit  Colombia,  Caldas  regional  program  (crop  diversification  and 
industrial  development);  Brazil,  studies  for  industrial  and  infrastructure 
projects  in  Bahia;  Colombia,  development  of  the  Sinu  River  Basin;  Ecuador, 
comprehensive  regional  development  plan  for  Azuay,  Canar  and  Mcrona- 
Santiago;  Haiti,  hydroelectric  resource  development;  Mexico,  settlement 
of  El  Limon  area;  Bolivia,  Caupolican  mixed  land  settlement;  feasibility 
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of  land  settlement  in  Yaguaca;  Venezuela,  survey  of  settlement  in 
La  Morrocoya,  Eastern  Guayana,  and  sectoral  development  planning;  and 
Guatemala,  socio-economic  development  plans  incorporated  into  existing 
regional  economic  integration  programs.  ^ 


A  graduate  irainmg  program  strong  in  resource  studies 
emphasizing  the  interdisciplinary  approach  is  offered  at  the  Inter-American 
Institute  of  Agricultural  Science?  of  the  OAS,  Training  and  Research  Center, 
Turrialba,  Costa  Rica.  Under  the  direction  of  Pierre  G.  Sylvain,  the  staff 
assigned  to  the  resources  for  development  program  includes  a  geographer, 
soils  expert,  photointerpretation  specialist,  ecologist,  hydrologist,  econo¬ 
mist,  and  rural  sociologist.  Field  work  by  students  will  emphasize  forestry, 
soils,  economic  botany,  pastures,  economics,  and  sociology  in  selected 
rmcroregions.  4^  The  institute  at  Turrialba  is  one  of  the  unique  research 
institutions  of  its  kind  m  the  entire  humid  tropics.  It  provides  complete 
facilities  for  visiting  scientists  as  well  as  guidance  from  the  residence  staff; 
conducts  basic  and  applied  research;  trains  Latin  American  students  in  the 
classroom  and  field,  etc.  G.  Budowski  (Turrialba)  has  conducted  research 
on  the  classification  of  natural  habitats  in  need  of  preservation  in  Central 
America. 


The  University  Grants  Committee  of  Great  Britain  has  been 
collecting  information  on  Latin  American  research  in  British  universities 
preparatory  to  establishment  of  area-study  research  centers.  The  World 
Land  Use  Survey  under  the  direction  of  the  late  L.  D.  Stamp  has  produced 
such  regional  monographs  as  Niddrie's  environmental  study  of  Tobago.  4<*>  50 

Biogeography  and  Ecology  in  South  America  is  an  upcoming 
volume  to  be  published  by  the  firm.  Dr.  W.  Junk,  The  Hague,  Netherlands, 
in  the  series  Monographioe  Biologicae. 

The  Venezuelan  Development  Corporation's  geographic  unit, 
directed  by  Marco  Aurelio  Vila,  has  published  numerous  inventory-geo¬ 
graphies  of  different  state.*  of  the  republic.  At  the  University  of  Zulia  in 
Maracaibo,  Roberto  Lizarralde  is  engaged  in  full-time  regional  research. 
Levi  Marrero,  a  Cuban  geographer  at  the  Central  University,  has  published 
two  significant  works:  La  Tierra  y  Sus  Recursos  and  Venezuela  y  Sus 
Recursos. 

Weather  Engineers  of  Panama,  Corp.  ,  WEPCOR,  has  a 
"complete -package  environmental  data  base  project.  ..  underway  at  various 
sites  in  the  Canal  Zone  and  the  Republic  of  Panama.  "  They.  .  ."operate  two 
field  sites  for  the  U.S.  Army  Tropic  Test  Center:  (1)  a  soil  plot  for  soil 
and  hydrological  measurements  and  (2)  a  150-ft  instrumented  tower  fcr 
atmospheric  chemical  and  particulate  matter  sampling  and  wind  temperature 
and  humidity  measurements  at  eight  levels.  Additional  observations  are 
made  visually.  Recording  is  by  manual  means,  strip  charts,  and  digitized 
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systems  with  both  tape  and  hard  copy  readout.  "■>£'  Bennett  (University  o£ 
California  at  Los  Angeles)  reports  that  "the  project.  .  .  is  off  to  a  poor  start 
due  to  faulty  assumptions  made  regarding  the  nature  of  the  several  vegetation 
types  which  form  the  bases  for  environmental  variation.  "*  Other  recent 
reports  indicate  the  program  is  running  16  months  behind  schedule  due  to 
lack  of  trained  supervisory  and  technical  staff  and  unrealistic  micrometeor- 
ologic  instrumentation  requirements. 

A  staff  of  60  geographers,  eight  of  whom  are  physical  geogra¬ 
phers,  are  involved  in  Brazil's  national  atlas  program  at  Conselho  Nacional 
de  Geografia,  Rio  de  Janeiro.  The  Brazilian  atlas,  due  for  completion  in 
1966,  will  include  an  interpretation  of  geography,  landforms,  soils,  agri¬ 
culture,  transportation,  population,  and  mineral  wealth  in  addition  to 
their  presentation  in  map  form. 

b.  Africa 

In  1961,  the  National  Research  Council  reported  that  "descrip¬ 
tive  coverage  of  the  area  (Middle  Africa)  was  inadequate."^  There  has  been 
very  little  additional  work  performed  to  change  that  assessment.  However, 
Makerere  University  College,  University  of  East  Africa,  is  strongly  oriented 
toward  this  area:  "Frorr  its  inception,  the  department  has  provided  a  focus 
for  research  into  the  nature  of  the  East  African  environment  and  into  the 

/  "7 

problems  of  adjustment  to  regional  conditions.  *' 

A  geographic  study  of  all  regions  of  Africa,  particularly 
Sierra  Leone  and  Kenya,  is  represented  in  the  recent  work  of  R.  J.  Harrison, 
Church  of  London  School  of  Economics;  J.I.  Clarke  of  the  University  of 
Sierra  Leone;  P.  J.H.  Clarke,  Government  Teacher  Training  College, 

Kagumo,  Nyeri,  Kenya;  and  H.  J.R.  Henderson  of  the  University  College  of 
Swansea.  Updated  studies,  maps  and  photographs  of  all  regions  appear  in 
their  Africa  and  the  Islands. ^ *  Church's  Environment  and  Policies  in  West 
Africa  contains  much  generalized  information  from  African  surveys.  F.  F. 
Ojany,  University  College,  Nairobi,  Kenya,  is  working  on  Kenya's  physio¬ 
graphy  Another  recent  publication  is  W.  A.  Hance's  Geography  of  Modern 
Africa,  which  is  oriented  toward  economic  geography. 

In  connection  with  his  activities  as  director  of  the  World  Land 
Use  Survey,  the  late  L.  D.  Stamp  obtained  data  for  revising  his  Africa:  A  Study 
in  Tropical  Development  and  the  7th  edition  of  his  A  Regional  Geography  for 
Advanced  and  Scholarship  Courses,  Part  2,  Africa.  51  Both  P.  D.  Jungerius 
and  H.J.  deBlij  have  performed  extensive  regional  environmental  studies  in 
Africa.  Other  geographers  conducting  regional  work  in  Africa  include  R.P. 
Moss  (S.  W.  Nigeria);  K.  M.  Barbour  (Sudan);  E.  A.  Boateng  (G..ana); 

* 

Bennett,  C.J.,  1966,  Personal  Correspondence,  14  February. 
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and  M.  M.  Cole  (Rhodesia).  In  addition,  H.  P.  White  of  the  Royal  College 
of  Advanced  Technology,  Salford,  England,  recently  completed  a  regional 
study  of  Terre  de  Barre,  West  Africa. 

c.  South  Asia  and  Oceania 

India's  regional  land-us^  plans  are  based  on  systematic 

regional  studies  of  physical  conditions,  requirements  and  relationships  with 

other  regions.  Work  in  this  area,  under  the  auspices  of  the  Indian  Statistical 

Institute,  Regional  Survey  Unit,  has  centered  around  South  India  and  the 

Mysore  State-  Numerous  publications  have  resulted  from  work  performed 

under  the  auspices  of  the  Indian  Statistical  Institute.  Among  these  are  , 

°  5_3  54  55 

Lear  month,  Rao  and  Bhat's  excellent  regional  work  in  Mysore  State.  ’  ’ 

S.  P.  Chatterjee,  director  of  the  National  Atlas  Program, 
Calcutta,  India,  is  compiling  300  detailed  plates  on  India's  geography.  The 
program  which  is  nearing  completion  has  been  delayed  by  other  higher- 
priority  printing  programs  using  the  only  available  press  in  India.  To  date, 
only  40  of  these  plates  have  been  printed  and  are  available  from  the  director. 

Dr.  H.  J.  Neubauer  of  UNESCO  has  proposed  the  creation  of  a 
commission  of  research  scientists  drawn  from  the  Department  of  Botahy  of 
the  University  of  Dacci,  appropriate  research  institutions  of  Pakistan  Council 
of  Scientific  and  Industrial  Research,  agriculture  and  forestry  departments 
of  Pakistan,  and  scientific  societies  for  a  program  to  determine  the  inter¬ 
relationship  between  climate-vegetation-water  and  soils  of  the  humid-tropical 
regions  of  East  Pakistan,  particularly  the  Chittagong  area  and  Mangrove 
swamp  of  Sunderbands. 


The  Pacific  Scientific  Information  Center  at  the  B.P.  Bishop 
Museum,  Honolulu,  began  the  first  of  a  series  of  Pacific  articles  on  the 
Marshall  Islands  (by  E.  H.  Bryan  Jr.)  in  June  1965.  ^  Other  geographic 
topics  in  Oceania  will  be  discussed  in  the  forthcoming  issues  of  this  new 
serial.  Reference  to  Volume  I  of  this  report  will  indicate  all  past  B.P. 
Bishop  Muesum  monographs  dealing  with  the  Pacific  region. 


Two  to  four  numbers  of  the  J ournal  of  Tropical  Geography  are 
published  yearly  by  the  Department  of  Geography,  University  of  Singapore, 
Singapore.  This  serial  is  the  leading  journal  on  the  area  and  subject  and  is 
almost  unique  in  its  regional  orientation. 

A  basic  program  of  land  classification  for  major  Hawaiian 
Islands  is  in  progress  at  the  Land  Study  Bureau,  University  of  Hawaii.  The 
first  of  this  bulletin  series  planned  for  the  major  islands  of  Hawaii  was 
H.  L.  Baker's  studies  of  Molokai.  This  work  was  followed  by  Nelson's  report 
on  Oahu  in  1963^®and  a  series  of  land  use  maps  of  the  six  major  Hawaiian 
islands  at  1:26,500  done  in  1965. 
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The  Food  and  Agricultural  Organization  of  the  United  Nations 
(FAO)  often  performs  work  from  which  militarily  significant  data  could  be 
derived.  For  example,  in  Vietnam,  it  was  found  that  FAO  survey  reports 
contained  information  usable  in.  the  mobility  studies  carried  out  in  Thailand, 
and  recommendations  were  made  to  support  the  Thai-FAO  soil-mapping 
activity.  ^  The  FAO  is  responsible  for  an  immense  list  of  publications  too 
numerous  to  mention.  Those  germane  to  this  report  are  ordinarily  contained 
in  the  following  series:  FAO  Agricultural  Studies,  FAO  Agricultural  Develop¬ 
ment  Papers,  FAO  Fisheries  Studies,  FAO  Forestry  and  Forest  Products 
Studies,  FAO  Forestry  Development  Papers  and  other  miscellaneous  publica¬ 
tions. 

Records  of  geographical  research  reports  are  maintained  at 
the  National  Taiwan  University,  Taipei,  Taiwan,  China,  and  the  Fu-Min 
Geographical  institute  of  Economic  Development,  Official  Area  Agency  of 
the  International  Geographical  Union.  Updated  lists  are  compiled  period¬ 
ically.  Many  of  the  reports  are  in  English  and  are  readily  available  from 
the  institute. 


Cheng-Siang  Chen,  director  of  University  Studies  in  Geog¬ 
raphy,  United  College,  The  Chinese  University  of  Hong  Kong,  is  estab¬ 
lishing  a  geographical  institute  to  study  mainland  China,  especially  the 
southern  and  tropical  portions.  Dr.  Chen  reports  that  there  is  an  Institute 
for  Research  on  Tropical  Areas  at  Kunming,  People's  Republic  of  China,  which 
has  a  staff  of  mere  than  600  scientists  working  on  tropical  research,  with 
staff  sections  devoted  to  climatology  and  medical  geography.  Much  of  the 
work  performed  at  the  institute  is  for  military  purposes. 

F.  L.  Wernstedt  and  J.  E«  Spencer  are  completing  their 
research  on  the  physical,  regional  and  cultural  geography  of  the  Philippine 
Islands.  The  results  are  to  be  published  in  late  1966  by  the  University 
of  California  Press. 

The  Land  Research  and  Regional  Survey  Division  of  the 
Commonwealth  Scientific  and  Industrial  Research  Organization  (CSIRO), 
Canberra,  Australia,  has  a  program  of  continuing  environmental  and 
regional  research  in  Australia  and  Oceania.  The  organization's  excellent 
publications  are  listed  in  the  KWIC  Index  volume  of  this  report. 

d.  Other  Research 

The  Committee  on  Humid  Tropics  of  the  International  Geo¬ 
graphical  Union  was  established  in  1956.  Its  purposes  are  to  "stimulate 
research  in  the  geography  of  the  humid  tropics  and  especially  into  the 
nature  of  the  humid  tropical  environment;  to  serve  as  a  clearing  house  of 
relevant  information  (publications,  techniques,  personnel,  and  research 
agencies. .  .  ").  Past  programs  have  been  concerned  with  the  definition 
and  delimitation  of  the  humid  tropics,  climatic  factors  and  ecological 
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boundaries.  The  commission  is  presently  chaired  by  Professor  Theo.  L. 
Hills  of  McGill  University,  who  has  just  completed  the  compilation  of  a 
directory  of  humid  tropic  research  institutions. 

The  scope  of  the  International  Biological  Programme 
modified  at  the  IBP  General  Assembly  in  Paris  (23  to  26  July  1964)  provides 
for  environmental  and  ecological  studies  of  terrestrial  communities,  both 
natural  and  man-modified,  on  a  world  scale  to  support  productivity  studies. 
Phase  2  of  this  program  will  involve  world-wide  data  collection  scheduled 
over  a  five-year  period  and  is  projected  for  approximately  1968/69- ° 

4.  Research  of  Significant  Growth  Potential 

Airborne  electromagnetic  reconnaissance  (remote  sensing) 
systems  appear,  in  initial  investigations,  to  have  great  future  potential 
for  gathering  data  for  regional  and  analog  studies  of  the  environment.  Their 
application  in  the  true  humid  tropics  has  been  scant,  and  results  are 
classified.  Feasibility  studies  and  development  of  procedures,  systems  and 
applications  are  urgently  needed. 

Militarily  significant  data  could  be  developed  out  of  the 
numerous  regional  research  activities  (land-use  and  resources  development 
surveys)  which  are  supported  by  American  assistance  if  funding  were 
conditional  to  reciprocal  use  of  data.  Such  a  plan  might  require  placing 
geographers  familiar  with  military  needs  and  applications  on  the  advisory 
and  supervisory  technical  staffs,  which  are  supplied  by  the  U.  S.  ,  to  assure 
geographic  orientation  in  these  regional  research  activities. 

5.  Neglected  Areas  of  Research 

Bennett  (UCLA)  speaking  about  tropical  ecology  and  environ¬ 
mental  studies  remarked  on  the  following  neglected  areas  of  research: 

''It  should  be  evident,  however,  to  even  the  most  cursory  investi¬ 
gator,  that  the  entire  area  of  physical  ecology  has  received  very 
little  attention.  There  is  also  need  of  animal  population  studies  of 
virtually  all  the  faunal  components  not  to  say  that  the  bio-ecology 
of  very  few  tropical  animals  is  very  well  known.  Bioclimatology 
in  the  tropics  has  hardly  been  touched.  There  is  almost  everything 
to  be  learned  about  tropical  highlands  in  terms  of  physical  and 
cultural  geography.  There  isn't  as  yet  even  a  decent  definition  of 
what  a  tropical  highland  or  upland  is.  In  fact,  very  little  has  been 
done  to  standardize  the  terminology  employed  for  tropical  phenomena. 
Even  such  basic  terms  as  Tropical  Rainforest  has  many  -  too  many-- 
meanings  and  has  resulted  in  a  vast  confusion  in  the  literature  on 
uropical  vegetation.  A  major  task  ahead  is  the  study  of  human 
ecology  in  the  tropics.  Among  the  many  aspects  of  human  ecology 
needing  attention  are:  human  nutritional  requirements  (at  present 
this  whole  area  is  a  mass  of  confusion);  medical  geography-this  is 
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almost  a  virgin  field  for  investigation  and  itjs  surprising  that 
research  in  this  area  barely  moves  along." 

6.  Problems  of  a  Barrier  Nature 

Scarcity  of  usable  data  is  the  greatest  problem  facing  geogra¬ 
phers  engaged  in  regional  research  for  military  applications,  particularly 
if  tne  effort  anticipates  use  of  automation  processes  for  data  analysis.  In 
surveying  existing  data  in  Southeast  Asia  for  use  in  the  mobility  studies 
conducted  in  Thailand,  it  was  found  that  the  quantity  of  usable  data  was 
"rather  negligible  in  regard  to  satisfying  the  purposes  of  the  preliminary 
study.  This  conclusion  was  reached  after  having  contacted  14  sources 
whose  primary  activities  required  collection  of  environmental  data,  and  of 
these  sources,  three  were  American  agencies:  OICC/SEA,  USOM  and  the 
office  of  the  U.S.  Army  Attache.  The  almost  total  absence  of  quantitative 
data  was  reported  by  the  investigators.  ^2 

Existing  regional  literature  is  scattered  and  difficult  to 
use  in  comparative  studies  since  there  is  no  general  agreement  on  a  system 
of  classification  of  tropical  environments.  Boundaries  applied  to  regional 
research  projects  also  pose  problems  (polit.cal,  thematic,  physiographic, 
etc.  )  when  attempting  to  apply  research  performed  for  one  requirement  to 
research  for  a  particular  application. 

7.  Controversial  Aspects  of  Regional  Research 

"The  regional  concept  is  the  holiest  of  geographic  shibboleths, 
a  fact  likely  due  to  geography  as  a  discipline  having  produced  so 
little  in  the  way  of  new  or  original  ideas.  A  kind  of  mystique  has 
come  to  surround  the  regional  concept  as  though  it  were  some 
wonderful  and  very  intricate  idea.  Which  it  is  not.  The  treatment 
given  to  the  regional  concept  in  that  unfortunate  effort  known  in 
shortened  form  as  'Inventory  and  Prospect'  must  rank  with  some 
of  the  more  obscure  theological  writings  of  the  Middle  Ages.  Of 
course  the  idea  of  the  region  is  useful  -  and  very  obvious.  It  is 
also  clear  that  geography  has  no  patent  claim  to  the  idea.  Is  this 
really  the  best  idea  that  geography  has  to  offer?  If  the  answer  is 
yes  we  might  just  as  well  file  academic  bankruptcy.  But  I've 
indicated  that  this  isn't  necessary  and  have  suggested  that  eco- 
systematic  concepts  offer  a  frame  for  new  study  of  what  we  have 
long  been  calling  the  region. 

P.  Gourou  (CEMUBAC)  sharply  differs  on  the  value  of  the 
ecosystem.  He  has  recently  spoken  out  on  this  subject,  as  follows: 


Bennett,  C.  F.  ,  1966,  Personal  Correspondence,  14  February 

.v  w 
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Bennett,  C.  F.  ,  1966,  Personal  Correspondence,  27  March 
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"Personally,  1  do  not  see  the  reasons  for  adopting  the  eco¬ 
system  concept  in  regional  geography.  Why?  First,  because  it 
is  a  naturalistic  concept  attached  to  "natural  equilibrium".  The 
regional  geographer  knows  well  that  there  is  no  natural  equil¬ 
ibrium  for  Man;  Man  is  not  a  rat  or  an  earthworm,  he  is  a  carrier 
of  civilization.  Second,  because  regional  geography  itself  studies 
a  complex  of  actions  and  interactions  which  is  not  an  ecosystem 
(if  it  were  one,  we  would  not  be  men)  and  we  would  not  be  there 
to  make  geography"* 

Bennett  continues  his  commentary  by  stating: 

'For  some  reason  .  .  .  there  is  a  persistent  effort 
to  view  the  concept  of  the  ecosystem  as  being  too  abstract  to  be 
useful  and  relevant  to  ecological  (geographical)  studies.  It  seems 
almost  ridiculous  to  have  to  mount  a  defense  of  the  concept  since 
it  has  been  quite  well  accepted  by  the  more  advanced  ecologists  of 
the  present  day  as  for  example  Odum  and  Fosberg  to  mention  only 
two. 

"There  isn't  anything  esoteric  about  the  concept  of  the  ecosystem. 
The  concept  merely  forces  one  to  view  biophysical  phenomena 
distributed  spatially  as  being  parts  of  interacting  and  functioning 
natural  systems  and,  therefore,  leads  one  away  from  the  limited 
descriptive  ecology  of  the  past  -  an  ecology  that  became  so  intel¬ 
lectually  bankrupt  as  to  nearly  destroy  the  discipline.  Ecology 
wasn't  destroyed  chiefly  because  the  subject  is  too  fundamental 
to  expire  no  matter  how  badly  used.  It  is  coming  back  to  life 
now  and  this  new  vitality  will  increase  only  to  the  extent  that 
systems  theory  is  rigorously  applied  to  the  study  of  the  inter¬ 
actions  between  living  organisms  and  their  environments.  There 
is  a  striking  parallel  between  the  recent  condition  of  ecology  and 
the  present  moribund  condition  of  physical  geography.  That  is, 
ecology  became  comfortable  with  a  handful  of  untested  rules  and 
hypotheses  and  was  content  (and  too  often  still  is)  to  deal  largely 
in  descriptions  and  the  listing  of  'environmental  factors'  perhaps 
in  the  hope  that  some  sort  of  insight  would  ultimately  result.  In 
the  meantime  other  fields  of  biology  and  the  physical  sciences  in 
general  were  moving  along  with  the  development  and  testing  of 
new  concepts  and  new  methods  of  data  analysis.  Recently  some 
ecologists  have  been  'catching  up'  and  doing  well  at  their  task 
although  the  usual  contents  of  Ecology,  Ecological  Monographs, 
and  The  Journal  of  Ecology  clearly  indicate  that  ecology  has  one 
foot  still  stuck  in  the  rut  of  the  past.  " 

Gourou,  P.  ,  1966,  Personal  Correspondence,  (translation)  21  February 

Bennett,  C.  F.  ,  1966,  Personal  Correspondence,  27  March 
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The  tropical  life  zone  investigation  being  conducted 
at  the  Tropical  Science  Center,  San  Jose,  Costa  Rica,  using  Holdridge's 
classification  scheme,  has  received  favorable  review  from  its  program 
consultants  (see  Section  C.2  of  this  chapter).  A  dissenting  view  is  stated 
by  Bennett  (UCLA): 

"The  fundamental  assumptions  upon  which  Holdridge  bases 
his  system  possess  approximately  the  same  value  as  did  the 
assumptions  upon  which  C.  H.  Merriam  established  his  life 
zone  hypothesis,  that  is,  Holdridge  makes  certain  statements 
regarding  temperature  and  precipitation  in  respect  to  phyto¬ 
geography  which  are  completely  unsupported  by  experimental 
evidence.  Although  Holdridge  employs  a  little  more  arithmetic 
than  did  Merriam  this  only  serves  to  obfuscate  the  basic  error 
of  the  ecological  assumptions  inherent  in  the  Holdridge  System.  "* 

8.  Review  of  Techniques  and  Methods  of  Observation  and  Study 

The  products  of  (regional)  geographic  efforts  may  be  con¬ 
sidered  as  derived  from  either  (a)  primary  sources  of  direct  observation 
or  (b)  secondary  sources  wherein 

•  Observed  data  are  reworked  to  provide  new 
conclusions 

•  Data  serve  as  a  basis  for  comparison  and 
standard  of  measurement  by  analogy 

a.  Primary  Observation 

1  63 

Russell  et  al  and  Thornthwaite  concur  that 
regional  geography  has  critically  suffered  from  a  scarcity  of  primary 
observational  practices.  Possible  excuses  for  this  unscientific  situation 
are  due  to  the  fact  that  interest  wanes  in  performing  original  research 
in  geographic  areas  already  observed,  while  least  scientifically  observed 
areas  are  generally  accessible  only  with  difficulty  and  at  relatively  high 
cost.  The  lack  of  sufficient  money  for  fieldwork  scill  stands  as  a  major 
obstacle  to  primary  observation  in  the  tropics.  An  additional  factor  is 
the  circumstance  that  relatively  few  original  observation  processes 
are  classically  relegated  to  geography.  For  any  number  of  reasons, 
climatological  and  weather  investigations  become  categorized  in  the 
discipline  of  atmospheric  sciences  or  meteorology;  vegetation  and  animal 
life  studies  as  botany  and  zoology;  and  landform  analysis  as  geomorphology. 


^Bennett,  C.F.,  1966,  Personal  Correspondence,  14  February 
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Use  ox  air  photos  may  be  considered  as  valid  as  ground 
studies  and  a  primary  source  of  geographic  information  in  that  the  direct 
observation  oi  phenomena  may  be  performed.  Use  of  techniques  and 
expertise  have  increased  markedly  m  the  last  !wn  decades.  Their  value 
is  not  only  in  that  observers  and  analysts  can  receive  primary  data,  often 
from  areas  which  are  inaccessible  politically  or  linancisliy,  but  they  may 
use  the  photos  as  a  temporal  base  ror  comparison. 

Recent  development  ot  remote  sensing  devices  (IR,  radar, 
gamma  ray)  being  used  to  sample  the  environment  in  various  portions  of  the 
electromagnetic  spectrum  and  the  wider  use  of  film-filter  combinations  ior 
aerial  surveillance  ha%-e  permitted  tlie  extension  of  now -conventional  air¬ 
photo  procedures.  °*t  The  remote  sensing  devices  will  produce  imagery 
that  will  highlight  a  particular  environmental  feature  oi  interest  and  its 
variations  from  place  to  place  within  its  natural  milieu.  These  new  tools 
which  can  extend  primary  geographic  observation  not  only  need  further 
use,  experimental  programs  and  refinement  but  most  importantly 
declassification  and  lower  cost  of  acquisition  co  permit  free  exchange  of 
inherent  benefits  through  the  discipline. 

P.eeionai  geographic  processes  usually  occur  or  assume 
a  markedly  different  status  over  periods  of  time  that  are  great  compared 
with  the  lifespan  oi  an  observer.  At  best,  a  geographer  performing  an 
initial  regional  study  can  describe  for  posterity  only  an  observed  inter¬ 
play  of  physiographic,  climatoiogic  and  demographic  factors  immediate 
to  his  position  in  time  and  space.  Of  necessity,  development  of  his 
description  into  regional  and  temporal  significance  requires  extraction 
from  data  sources  which  exist  most  often  as  records  prepared  by  other 
scientists  or  government  agencies  frequently  for  purposes  other  than 
regional  analysis.  Consequently,  products  of  such  effort  may  become 
categorized  as  something  other  than  primary  observational  research. 

It  may  be  concluded  that  situations  classically  considered 
conducive  to  pure  primary  observation  have  been  progressively  decreasing. 
Certainly,  veobservation  of  many  regions  for  a  variety  of  purposes  remains 
to  be  performed. 

b.  Secondary  Studies 

The  1955-1965  decade  lias  seen  continuing  growth  of 
studies  of  regional  factors  by  analogy.  Specifically,  restrictions  on 
cost,  time,  accessibility,  and  observer  safety  have  stimulated  the  use  of 
sites  that  are  both  convenient  to  and  have  characteristics  akifs  to  those 
of  the  less  convenient  regions  of  interest.  While  precise  relationships  of  the 
characteristics  of  two  regions  may  be  impossible  in  every  case,  analog 
comparisons  can  present  additional  benefits  to  the  obvious  ones  mentioned. 
One  such  benefit  occurs  when  the  analog  site  exaggerates  conditions  existing 
in  the  area  of  actual  interest.  Extension  and  extrapolation  of  factors 
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or  most  critical  limits  achievable  in  the  regions  of  actual  interest. 


Other  secondary  sources  of  regional  data  consist  of  maps, 
statistics  and,  in  many  recent  instances,  data  that  have  been  reworked 
using  new  quantitative  procedures.  The  basic  problem  in  secondary  data 
is  that  geographic  information,  especially  that  needed  for  regional  study, 
needs  to  be  oriented  spatially.  This  is  not  ordinarily  the  case,  as  informa¬ 
tion  developed  for  other  purposes  is  usually  rot  oriented  spatially. 


Laboratory  analysis  of  the  effects  of  environmental  interplay 
upon  mobility  and  trafficability  have  been  made  at  the  U.  S.  Army  Corps 
o£  Engineer  Waterways  Experiment  Station,  Vicksburg,  Mississippi.  For 
Projects  WESTAR^  and  WESTAG,  models  simulating  a  miniature  environ¬ 
ment  (incorporating  relief,  soil  types,  vegetation,  etc.)  were  designed  and 
constructed.  Returns  from  these  samples  were  displayed  on  radar  and 
gamma -r^y  detectors  to  assist  trafficability  prediction.  Additional  and 
further  laboratory  study  is  required  to  determine  the  value  of  these  proce¬ 
dures  for  analysis  of  other  than  mobility  factors. 


D.  AVAILABILITY  OF  DATA 

The  inventory  portion  of  this  chapter  discusses  the  avail¬ 
ability  of  data. 

1.  Sources  of  Information 

Sources  of  information  consist  of  depositories,  authorities, 
maps  and  aerial  phonographs,  research  organizations,  and  the  collected 
bibliography. 

a.  Authorities 

Personnel  who  have  conducted  significant  regional  research 
in  the  humid  tropics,  regardless  of  their  present  locations,  are  considered 
as  authorities  and  sources  of  information.  They  are  listed  in  a  matrix 
and  directory  (Appendix  A,  Authorities)  of  this  compendium. 

b.  Depositories 

Appendix  B  (Principal  Depositories)  of  this  compendium  should 
be  consulted  to  determine  amount,  type  ar.d  availability  of  humid-tropical 
regional  research  materials  located  at  depositories  containing  important 
holdings,  either  quantitatively,  qualitatively,  or  both. 
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Append  Lx  C  (Inventory  of  Maps  and  Aerial  Photographs) 
should  be  consulted  to  determine  the  amount,  type,  scale,  recency,  relia¬ 
bility,  area  of  coverage,  and  the  other  pertinent  data  concerning  map  and 
airphoto  coverage  of  the  humid  tropics.  Additional  sources  and  indices 
are  noted  there  for  more  detailed  information. 

d.  Research  Organizations 

Organizations,  agencies  and  institutions  engaged  in  specialized 
research  investigations  of  humiu  tropical  regions  may  be  found  in  a  separate 
volume,  A  Directory  of  Institutes  Primarily  Devoted  to  Humid  Tropics 
Research,  by  McGill  University,  Montreal,  Canada,  for  the  U.S.  Army 
Research  Office.  The  directory,  intended  to  be  a  part  of  the  Inventory  of 
Geographic  Research  of  the  Humid  Tropic  Environment,  was  published  m 
October  19o5.  Highly  specialized  holdings  by  organizations  that  act  as 
both  depository  and  research  institutions  may  also  be  found  in  Appendix  B 
of  this  compendium. 

e.  KWIC  Index 

Volume  1  ol  this  inventory,  KWIC  Index  —  Humid  Tropic 
Environmental  Literature,  contains  the  bibliography  that  was  collected 
at  domestic  and  foreign  depositories.  Materials  were  derived  primarily 
from  the  literature  of  the  geographic  earth,  atmospheric,  and  biological 
sciences. 

Regional  studies  literature  was  classified  into  the  following 
categories  based  on  program  specifications: 

•  Regional  types,  general 

f  —  environmental  studies 

—  analog  studies 

—  natural  resources 

—  delimitation 

•  Combined  and  other  subject  codes 

—  general  military  information 

—  land  use 


These  topics  may  be  consulted  via  their  code  numbers  for 
each  geographic  area  in  section  E  of  volume  1. 


2.  Evaluation  of  Collected  Bibliography 

A  statistical  approach  to  the  bibliography  without  analysis 
does  not  accurately  reflect  the  status  of  humid  tropics  regional  research. 
For  example,  the  1050  entries  of  the  bibliography  identified  as  regional 
research  (Tablel4)  represent  7.23  percent  of  the  total  number  of  humid 
tropic  entries  recorded  compared  with  3  percent  for  Coastal  Zone  studies 
(see  Chapter  V)  and  some  25  percent  each  for  plant  and  animal  life  (see 
Chapter  111)  and  Weather  and  Climate  (Chapter  IV)  studies.  A  bias  is 
recognized  to  exist  in  this  comparison,  however,  in  that  certain  coastal 
zone  studies,  for  example,  also  exist  as  regional  geographic  and  physical 
features  studies.  A  more  accurate  evaluation  can  probably  be  made  with 
reference  to  Table  15 wherein  efforts  uniquely  of  a  humid  tropic  regional 
geographic  nature  can  be  identified. 

Table  14  indicates  the  dearthof  pertinent  pre- World  War  II- 
developed  data,  the  "flurry"  of  World  War  II  activity,  the  slump  of  post 
World  War  II  activity  and  finally,  the  flurry  of  activity  of  the  last  decade. 
Tablelo  clearly  indicates  the  large  number  of  studies  performed  in  Latin 
America  (428  out  of  1050  entries  —  more  than  40  percent  of  all  entries). 
This  is  a  reflection  of  sample  bias  as  most  works  and  sources  of  infor¬ 
mation  are  American  and  U.  S.  investigations  are  predominant  in  the 
American  tropics,  due  primarily  to  proximity. 

E.  ASSESSMENT  OF  THE  STATE  OF  KNOWLEDGE 

The  cooperation  of  experts  with  personal  experience  in  the 
humid  tropics  has  been  sought  for  this  Inventory;  they  have  been  asked 
to  review  the  findings  and  offer  opinions  on  the  state  of  knowledge  of 
humid  tropical  regional  studies  generally  and  in  108  regional  and  political 
units  (mainly  entire  countries  identified  for  the  purposes  of  the  Inventory). 

It  has  been  determined  that  the  experts  regard  the  general 
state  of  knowledge  to  range  between  fair  and  poor.  Their  concensus  is  that 
Central  America  and  the  Caribbean  are  best  known,  with  Southeast  Asia 
and  South  Central  Asia,  following  respectively.  They  agree  that  regional 
types  of  Guadeloupe,  Margarita  I.  ,  Martinique,  Mexico,  Panama,  Puerto 
Rico,  Venezuela,  Nigeria,  Ceylon,  India,  Malaysia,  the  Vietnams, 
Australia,  Fiji  Islands,  and  Hawaii  have  been  well  studied. 

Analysis  of  opinions  shows  that  none  of  the  experts  claim 
to  have  intimate  knowledge  of  regional  studies  throughout  the  entire  humid 
tropics  and,  therefore,  in  keeping  with  accepted  scientific  ethics,  regard 
themselves  qualified  to  rate  only  those  areas  they  have  studied  directly 
or  in  connection  with  their  tropical  investigations. 
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REGIONAL  STUDIES  —  LITERATURE 


Period  of 

Publication 

No.  of  Entries 
in  Bibliography 

Percent  of  Total  Regional 
Types  in  Bibliography 

Pre-1914  or  unknown 

56 

5.4 

1914-1938 

194 

18.  5 

1939-1955 

411 

39.  1 

1956-1965 

389 

37.  0 

Total 

1050 

100.  0 

Table  15 

TOPICAL  CATEGORIES  —  LITERATURE 

No.  of  Entries 

Percent  of  Total  Regional 

Topical  Category  in  Bibliography  Types  in  Bibliography 


000 

Regional  types 

461 

43.  9 

001 

Environmental  studies 

440 

41.  9 

002 

Analog  studies 

5 

0.  5 

003 

Natural  resources 

2 

0.  2 

004 

Delimitation 

13 

1.2 

200 

General  military  informa¬ 
tion 

34 

3.2 

050 

Land  use 

95 

9.  1 

Total 

1050 

100.  0 

Major  Region 

Table  16 

REGIONS 

No.  of  Entries 
in  Bibliography 

Percent  of  Total  Regional 
Types  in  Bibliography 

1  Humid  Tropics 

72 

6.9 

2  Latin  America 

428 

40.  7 

3  Africa 

207 

19.7 

4  South  Asia 

194 

18.  5 

5  Oceania 

149 

14.2 

Total 

1050 

100.  0 

218 


scisncs  ssrvlcss  division 


, ...  _  ■. 


The  Inventory  shows  a  preponderance  of  literature  on  Central 
America  and  the  Caribbean,  Southeast  Asia  and  South  Central  Asia.  It 
appears,  as  the  experts  have  indicated,  that  these  are  areas  better  known 
than  those  of  other  parts  of  the  humid  tropics.  However,  the  state  of 
knowledge  of  some  of  the  other  regions  may  be  better  than  the  Inventory 
shows  or  the  expert  car  certify.  American  participation  in  regional 
research  in  the  humid-tropical  portions  of  .Latin  America  and  Southeast  Asia 
accounts  for  greater  availability  of  the  published  results.  Information  on 
non-U.  S.  research  activity  decreases  with  increase  in  the  amount 
published  in  foreign  journals  and  books  despite  the  growth  of  international 
abstracting  services,  e.g.,  Geographical  Abstracts,  intended  to  overcome 
this  obstacle.  ~  ~~~  ~ 

It  is  noted  also  that  local  experts  differ  with  those  consulted 
for  this  project.  For  example,  the  high  rating  given  to  knowledge  of  the 
regional  studies  of  India  must  be  balanced  against  the  opinion  of  scientists 
working  continuously  in  that  area,  who  enumerate  countless  gaps  in  know¬ 
ledge.  Similar  observations  were  made  on  the  opinions  of  American 
observers  and  local  experts  regarding  regional  studies  of  Malaysia.  In 
general,  knowledge  of  regional  types  of  the  humid  tropics  is  not  considered 
adequate. 

F.  REVIEW  OF  PRINCIFAL  DEFICIENCIES 

Primary  contributing  factors  to  the  overall  deficiency  of 
tropical  regional  types  of  research  include  the  lack  of: 

•  Principles  of  tropical  environmental  interaction 
with  military  operation 

•  Predictive  methods  to  determine  success  or  failure 
of  military  operation  in  humid-tropical  environments 

•  Ddta  centers  at  central  locations  for  collection,  storage, 
retrieval,  and  dissemination  of  information 

•  Training  facilities  to  develop  tropical  regional  specialists 

•  Field  stations  or  simple  field  laboratories  with  small 
permanent  staffs  located  in  the  tropics 

•  Preservation  of  natural  environments  suitable  for 
fieia  and  analog  studies 

•  Standardization  of  methods,  techniques  and  nomenclature 
for  tropical  investigations  to  provide  maximum  use  of  data 

•  Clear  statements  and  definition  of  military  needs  in  order 
to  produce  valid  environmental  test,  proper  instrumenta¬ 
tion  and  analysis  of  regional  investigation  of  the  hurnid 
tropics 
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G.  DESIRABLE  OBJECTIVES 

Various  authoritative  personnel  have  offered  their  opinions 
in  the  open  literature  to  remedy  the  principal  deficiencies  of  tropical  re¬ 
search.  Much  of  the  discussion  has  been  hampered  by  lack  of  direct  con¬ 
tact  and  interchange  of  ideas  by  the  participants.  In  addition,  no  inter¬ 
national  agency,  symposium,  working  group,  or  committee  has  considered 
the  future  of  regional,  analog,  environmental,  or  ecological  research  in 
tropical  environments  for  military  purposes  and  procedures  necessary 
to  solve  the  problems.  Competent  tropical  region  experts  need  to  be 
brought  together  with  military  requirements  personnel  to  air  their  views, 
discuss  current  progress,  formulate  plans  for  the  task  ahead  and,  most 
importantly,  prepare  a  document  that  can  be  used  as  a  guide  to  the  remedial 
action  necessary  to  fill  the  gaps  in  knowledge  of  humid  tropic  regionalism 
required  by  the  military.  Such  a  document  should  include: 

•  The  military  requirement 

•  The  preparation  of  regional  studies  for  areas 
that  have  yet  to  receive  attention 

•  The  preparation  and  publication  of  revisionary  studies 
utilizing  mcderr.  procedures  for  areas  that  were 
studied  in  the  past 

•  The  development  of  simultaneous  and  coordinated 
programs  to  efject  systematic  inventories  of  the 
natural  environment  on  a  regional  basis  by  field 
exploration 

•  The  development  and  maintenance  erf  data  banks  for 
environmental  information  in  order  to  create 
known  standards  of  the  tropics  from  which  analogs 
of  inaccessible  areas  may  be  developed 

0  Redefinition  of  the  humid  tropics.  Standard 

definitions  are  climatically  based,  and  investigations 
of  other  definitive  criteria  should  be  undertaken 

•  The  quantitative  evaluation  of  the  several  habitats 
of  the  humid  tropics 

•  Assessment  of  man's  role  in  the  tropical  habitat 
(what  is  he  doing  to  the  environment  and  how  the 
changes  affect  him) 

•  Development  of  models  of  varying  tropical 
ecosystems 
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There  is  a  need  to  understand  that  the  tropics  are  not  await¬ 
ing  a  new  technology  to  increase  man's  comprehension  of  this  area.  The 
tropics  consist  of  old,  used  land  which  has  been  inhabited  for  two  million 
years.  What  is  seen  in  the  tropi~s  today  is  a  product  of  temporal  change 
and  not  a  static  condition.  Thus,  scientists  should  inquire  not  only  as  to 
what  man  has  done  in  the  areas  to  change  them,  but  to  understand  and 
appreciate  the  processes  and  mechanics  that  have  produced  the  present 
conditions. 


At  the  present  time,  there  are  many  existing  and  planned 
land-use  aid  land  resources  surveys  in  the  humid  tropics.  If  the  military 
can  develop  the  specifications  which  they  require  as  environmental  data 
inputs,  it  may  be  feasible  to  include  these  specifications  as  a  portion  of 
these  surveys. 


The  Ad  Hoc  Committee  on  Geography,  Division  of  Earth 
Sciences  of  the  National  Academy  of  Sciences  -—National  Research 
Council,  has  recently  reported  on  urgent  needs  in  this  field.  ^  The 
committee  stresses  the  need  to  extend  the  work  which  is  developing 
principles  of  the  related  sets  of  earth  processes  and  features  as  well 
as  the  formal  systems  method  used  in  portions  of  their  research.  Detailed 
study  is  needed  of  "the  equilibria  of  erosion,  hydrologic  and  vegetative 
processes  taken  together,  considering  the  parameters  provided  for  them 
by  different  cultures  and  differing  densities  of  land  occupance.”  65  The 
committee  indicates  that  the  "exact  nature  of  responses  of  any  part  of 
the  climate-vegetation-erosion  system  to  changes  in  the  cultural  patterns" 
is  not  known.  6  The  committee  treats  the  assets  of  regional  geography 
and  not  only  stresses  the  need  for  thorough  field  observational  techniques 
by  the  practitioner  but  his  indispensable  value  as  a  regionalist,  one  who 
"understands  the  direction  in  which  the  generalizing  clusters  are  headed 
and  relates  his  work  closely  to  their  growing  edges.  "  65 

The  committee  makes  reference  to  the  regional  analog 
when  it  considers  the  region  as  "a  type  of  system  in  itself,  capable  of 
yielding  generalizations  significant  in  the  understanding  of  the  worldwide 
system."  ^5  To  further  the  work  of  the  science  of  geography,  recommenda¬ 
tions  65  are  made  to  include: 
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•  Expanded  support  of  research  students,  which  includes 
dual  doctoral  degrees,  fellowships  for  predoctoral 
scholars,  field  research  f  ^nds,  postdoctoral  fellow¬ 
ships,  and  a  manpower  survey 

•  Joint  planning  of  research  within  two  or  more  problem 
areas,  which  suggests  stronger  interchange  and 
exchange  of  related  disciplines 

•  Research  institutes  in  political  and  physical  geography 

as  a  more  permanent  effort  to  study,  among  other  things, 
tensions  areas.  Southeast  Asia,  Africa,  the  rainy  tropics, 
hazardous  natural  environments,  techniques  of  environ¬ 
mental  manipulation,  etc. 

•  Establishment  of  several  Geographic  Data  Centers  for 
storage,  retrieval  and  dissemination  of  data  and  training 
centers  for  geographers 

The  Military  Evaluation  of  Geographic  Areas  (MEGA) 
advisory  group  at  Waterways  Experiment  Station,  Vicksburg,  has  called 
for  the  solution  of  the  following  major  problems.  ^6 


"a.  Can  the  macrogeometry  analysis  be  made  simpler  and  faster? 

If  so,  how?  If  not,  should  possible  alternate  systems  be 
examined  ? 

"b.  What  form  should  the  hydrologic  geometry  description  take? 

Is  the  very  tentative  approach  which  has  been  suggested  prac¬ 
tical?  If  not,  what  alternative  seems  most  appropriate? 

"c.  Is  the  water-land  interface  a  separate  factor  family? 

If  so,  what  definable  and  measurable  factors  comprise  the 
factor  assemblage? 

"d.  How  can  nonrandom  distributions  be  analytically  described? 

"e.  How  can  population  discontinuities  be  defined  and  described? 
How,  in  fact,  can  they  be  recognized  in  the  field  without 
mapping  the  entire  population? 

"f.  What  constitutes  a  valid  environmental  test  and  how  does 
one  go  about  designing  one?  This  question  may  not  be 
really  answerable,  because  a  different  solution  may  be 
needed  for  each  activity.  Nevertheless,  it  would  be  help- 
fad  if  the  requirements  of  a  valid  test  could  be  clearly  formu¬ 
lated.  Considering  MEGA’s  commitments  elsewhere,  it 
might  be  wise  to  give  this  problem  to  a  university  or  other 
research  organization  for  study  prior  to  undertaking  a  major 
testing  program.  The  only  deterrent  is  the  intuition  that  this 
problem  can  be  solved  only  by  trial  and  error;  that  it  is  a 
'learn-by-doing1  proposition.'1 
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The  MEGA  group  further  calls  for  the  following  as  future 
plans  for  research  into  the  military  geographic  realm  which  may  apply  to 
the  humid  tropics.  ^ 

,:a.  Intensive  study  of  the  problem  of  describing  and 
classifying  hydrologic  geometry. 

"b.  Intensive  study  of  the  water-land  interface  to  develop 

quantitative  descriptive  and  classification  techniques  and 
to  provide  a  data  base  on  the  nature  of  the  water -land 
interface. 

"c.  Continuation  of  the  field  team  in  Puerto  Rico  to  provide 

an  on-site  laboratory  in  the  tropics  for  testing  procedures 
and  techniques  as  well  as  to  provide  data  for  studies  of 
tropical  environments. 

"d.  Intensive  short-term  study  of  environmental  gradients  in 
Costa  Rica,  chiefly  to  expand  tb.2  data  base  on  tropical 
environments  ... 

'T.  Performance  of  a  limited  series  of  tests,  chiefly  in  temperate 
climates,  to  determine  the  quantitative  relations  between 
environmental  factors  and  the  type  and  magnitude  of  effects 
they  impose  on  selected  military  activities.  The  activities 
will  include  small  unit  operations,  visibility  and  crosscountry  ; 

mobility.  Others  may  be  included  if  the  opportunity  presents  l 

itself.  For  example,  some  experimentation  with  the  effective  \ 

range  of  small  arms  in  vegetation  assemblages  would  appear  f 

to  be  appropriate.  This  is  a  matter  of  very  real  concern,  | 

especially  in  the  tropics.  The  MEGA  project  would  welcome  I 

the  opportunity  to  cooperate  with  Ordnance  on  this  matter.  | 

% 

n£.  Concurrent  effort  to  refine  descriptive  and  classification  I 

systems,  field  sampling  methods  and  test  control  techniques.  "  s 

i 

? 

Regional  environmental  studies  require  the  application  of  the 
ecosystem  as  an  organizing  concept  to  research  practices.  The  term  eco¬ 
system,  as  defined  by  Fosherg,  "attempts  to  convey  the  idea  of  a 
functioning,  interacting  system  composed  of  living  organisms  and  their 
effective  environment  both  physical  and  biological. "  The  ecosystem  concept 
is  not  restrictive  areally  or  by  level  of  complexity.  It  is  delimited,  for 
convenience  purposes  alone,  for  ease  of  examination.  Natural  boundaries 
are  usually  convenient  and  desirable  but  not  absolutely  necessary. 


The  ecosystem  concept  permits  research  not  only  to  describe 
and  inventory  the  environmental  phenomena  and  to  analyze  its  mechanics  but 
to  examine  their  interrelationships,  effects  upon  men  and  vice  versa,  and 
to  predict  its  stability  and  potential. 


Collection  of  descriptive  information  will  permit  the  construc¬ 
tion  of  a  model  of  a  particular  ecosystem.  This  model's  major  value  is  that 
it  permits  clear  insight  into  its  structure  and  functioning  and  that  it  can  be 
compared  with  similar  models  of  other  ecosystems,  which  not  only  contribute 
to  the  understanding  of  the  nature  of  ecosystems  but  to  the  construction  of 
analogs. 


Use  of  the  ecosystem  approach  is  of  great  practical 
importance.  It  permits  "...the  determination  of  degree  of  stability  or 
instability  of  existing  ecosystems,  the  determination  of  causes  of  instability, 
and  the  prediction  of  the  courses  of  change  in  unstable  ecosystems.  " 
Appreciation  of  a  functioning  interacting  system  of  man  and  his  environment 
may  enable  planning,  development  and  management  of  our  habitat  to  replace 
many  exploitive  and  damaging  "development"  programs.  ^ 

H.  RECOMMENDATIONS  FOR  ACHIEVING  OBJECTIVES 

Based  on  its  program  investigations,  Texas  Instruments 
recommends  that  the  following  action  be  taken  to  expand  and  support  the 
existing  programs  listed  below  as  the  most  feasible  method  of  obtaining  the 
desired  objective  and  of  upgrading  the  basic  research  level  in  tropical 
regional  types. 

•  Recommendation  1 

One  of  the  foremost  problems  in  laige  areas  of  the  humid 
tropics  is  the  absence  of  an  environmental  and  regional  data  collection  net¬ 
work  which  not  only  affords  maximum  coverage  but  has  site  survey  densities 
reflective  of  the  complexity  of  the  local  environment.  Centralized  storage, 
retrieval  and  dissemination  of  this  collected  data  is  as  important  as  an 
educational  program  for  technical  training  of  local  and  extratropical 
scientists  and  the  development  of  local  protected  field  sites  as  facilities 
to  conduct  research.  Because  this  is  an  important  area  and  will  require 
extensive  study  and  committee  effort  at  several  national  and  international 
levels,  it  is  recommended  that  action  be  taken  to  implement  the  following 
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recommendations  at  the  earliest  possible  time.  Steps  should  be  taken  by 
the  United  States,  in  concert  with  other  nations,  to  explore  the  international 
institutional  mechanisms  that  may  be  appropriate  to  foster  international 
cooperation  and  cope  with  the  problems  which  may  be  anticipated  in  the  field 
of  tropical  regional  study.  The  United  Nations  and  its  Specialized  Agencies 
(e.  g. ,  The  Food  and  Agricultural  Organization)  and  the  International  Council 
of  Scientific  Unions  and  its  associated  unions  (e.g. ,  the  International 
Geographical  Union)  are  suggested  as  possible  inter-governmental  and  non¬ 
governmental  frameworks  to  assist  in  the  development  .guidance  and 
mechanisms  of  humid  tropic  regional  research  efforts. 

•  Recommendation  2 


If  an  interim  measure  pending  implementation  of  Recommen¬ 
dation  1  is  warranted,  the  U.S.  Army  Tropic  Test  Command  Center,  Ft. 
Clayton,  Canal  Zone,  is  suggested  as  a  group  to  be  provided  with  funds  to 
facilitate  an  increased  research  effort  specifically  oriented  to  the  analysis 
of  the  effects  of  various  regional  environmental  parameters  on  military 
operations,  equipment  and  personnel.  Specifically,  field  research  and 
testing  facilities  need  to  be  increased.  This  expansion  would  permit  an 
increased  number  of  research  projects  including  those  of  an  experimental 
nature  to  be  carried  out  under  the  diverse  ecological  conditions  that  are 
present  in  this  relatively  small  area.  These  steps  would  speed  the 
development  of  new  techniques,  designs  and  spe«.  'fication  for  equipment 
to  be  employed  in  humid-tropical  areas. 


•  Recommendation  3 

It  is  desirable  that  symposia  on  tropical  regional  sciences 
similar  to  the  UNESCO  Humid  Tropic  Symposia  be  held  so  that  research 
specialists  may  be  brought  together,  facilitating  the  communication  of  ideas, 
theories,  techniques  and  problems. 

•  Recommendation  4 

It  is  further  recommended  that  the  following  research  projects 
be  given  top  priority  ranking  for  future  support  as  urgent  and  basic  needs. 

The  listed  research  projects  need  support  on  a  long-range  basis  (5-10  years). 

•  Studies  directed  toward  the  determination  of  the  most 
acceptable  method  for  developing  the  principles  of 
tropical  environmental  and  regional  effects  upon 
military  operations 
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•  Research  on  the  predictive  techniques  for  determination 
of  the  operational  effectiveness  of  military  personnel  and 
equipment  under  different  humid-tropical  stress  conditions 

•  Study  of  the  factors  which  determine  successful 
tropical  analog  development 

•  Development  of  keys  permitting  field  identification 
of  the  characteristics  of  tropical  environment 

•  An  evaluation  of  capabilities  of  remote  sensing  tech¬ 
niques  when  applied  to  the  description  and  evaluation 
of  tropical  environments 


•  Recommendation  5 

Reference  to  the  body  of  this  report  will  show  that  the  areas 
for  which  f'ata  aie  particularly  scarce,  of  limited  areal  coverage  and/or 
lacking  in  qualitative  substance  are  listed  below.  It  is  recommended  that 
these  areas  be  given  special  attention  in  any  research  planning. 

Area  Regional  Studies 

El  Salvador,  Honduras  and  Nicaragua 
Brazil,  especially  The  Amazon  Basin 
Guianas 

Ecuador,  Bolivia.  Paraguay,  and  Peru 

Africa,  exclusive  of  Nigeria,  Ghana  and  B.  Congo 

East  Pakistan,  Burma,  Laos,  Cambodia,  Taiwan,  ana  Thailand 

Indonesia,  Timor,  New  Guinea,  and  New  Hebrides 
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A  DIRECTORY  OF  AUTHORITIES 
OF  THE  HUMID  TROPIC  ENVIRONMENT 

Humid  tropic  environmental  information  may  be  derived  from  lit¬ 
erature,  maps  aerial  photography  and  other  like  sources.  One  of  the  more  im¬ 
portant  sc  irees  is  personnel  who  are  more  knowledgeable  than  others  concerning 
humid  tropic  environments.  These  specialists,  experts  and  long-term  students 
of  these  areas  and  subjects  are  herein  termed  authorities. 

As  no  firm  criteria  exist  to  aid  in  the  identification  of  "major 
authorities,"  other  than  that  the  directory  should  not  include  deceased  scientists, 
the  listing  contains: 

•  Individuals  widely  recognized  as  area/topical  authorities 

•  Scientists  who  have  conducted  government-support  research 
programs  following  proposal  evaluation  by  a  board  of  experts 

•  Scientists  who  have  published  extensively,  in  breadth  and/or 
depth,  on  their  respective  area/topical  specialties 

•  Individuals  who  have  participated  in  international  symposia  and 
scientific  meetings  through  presentations  of  papers  concerning 
their  respective  area/topical  specialties 

The  directory  is  composed  of  a  regional/topical  matrix  and  an 
alphabetic  listing  of  authorities  which  permits  identification  of  an  authority  on 
geographic  or  topical  basis.  The  arrangement  of  areas  follows  the  alphabetic 
listing  of  countries  of  Latin  America,  Africa,  South  Asia,  and  Oceania.  This 
order  established  in  Volume  1  of  this  report  also  lists  topical  fields'  subdivisions. 
No  matrix  intersect  contains  more  than  three  authorities.  No  indication  of  great¬ 
er  or  lessor  degree  of  authoritativeness  is  implied  in  the  ordination  of  authorities 
within  a  matrix  intersect.  Separator  lines  are  included  between  the  authorities' 
names  in  the  matrix  intersect.  An  "X"  in  the  matrix  intersect  indicates  the  non¬ 
existence  of  the  subject  for  the  appropriate  area  (i.e.  ,  no  coast  for  Bolivia;  no 
humid  tropic  coast  for  Peru  or  Sudan).  The  listing,  which  is  alphabetized  by 
authorities'  last  name,  is  keyed  to  the  matrix  by  indicating  the  authorities*  area 
specialty.  For  example,  to  determine  the  best  source  of  first-hand  information 
concerning  surface  materials  in  Guadeloupe,  the  matrix  indicates  a  D.  R.  Hoy. 

D.  R.  Hoy's  address  appears  in  the  alphabetic  listing  that  follows,  where  one  may 
observe  that  he  is  also  listed  for  Guatemala.  Scanning  the  matrix  for  Guatemala, 
one  finds  D.  R.  Hoy  in  the  intersect  tor  Regional  Studies. 

The  directory  contains  listings  for  1,  115  authorities.  These 
personnel  provide  the  best  first-hand  familiarity  with  ten  environmental  fields 
for  101  areas. 
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Cromwell  Road 
London,  SW  7,  England 

Faboumy,  L.  (Dahomey) 

Ingenieur  Hydraulic  ien 
Service  Hydraulique 
B.  P.  385 

Cotonou,  Dahomey 

Faguodes,  Alvaro  Barcelos  (Brazil) 

Food  and  Agricultural  Organization 
Vialle  delle  Term*  di  Caracalla 
Rome,  Italy 

Fairbriuge,  Rhodes  (Humid  Tropics,  Oceania) 
Department  of  Geology 
Columbia  University 
New  York,  New  York  10027 

Farmer,  B.  H.  (Ceylon,  Pakistan) 

St.  John's  College 
Cambridge,  England 

Farr,  1.  H-  (Jamaica) 

Science  Museum 
Instit-'te  of  Jamaica 
Kingston.  Jamaica 

Fauck,  R.  (Dahomey) 

Office  de  la  recherche  scientifique  et 
technique  d'outrs-msr 
Dakar-Fann,  Senegal 

Ferdon,  E.  N.  Jr.  (Ecuador) 

Arizona  State  Museum 
University  o<  Arizona 
Tucson,  Arizona  85721 

Fernandes,  J.A.  B.  (Mozambique) 

Universidade  da  Coimbra 
Coimbra,  Portugal 

Fernando.  L  D  J  (Ceylon) 

Director  of  the  Geological  Survey 
Government  of  Ceylon 
Colombo,  Cevion 

Ferreira,  Marie  Cortnto  (Mozambique) 

Division  of  Biological  Sciences 

Institulo  de  Investigaqao  Cientftica  de  Mozambique 
C.  P.  1780 

Lourenco  Marques,  Mozambique 


Ferreira,  R.C.  (Brazil) 

Ass't  Director 

Serviqo  de  Meteorologia 

Centro  de  Pesqu>sas 

Mimste  *io  de  Agricultura 

Pra^a  15  dc  Novembro2,5°  Andar 

Rio  de  Janeiro,  GB,  Brazil 

Ferri,  M.G.  (Brazil) 

Director  of  the  Botany  Department 
C.P.  8105 

University  of  Sao  Paulo 
Sao  Paulo,  Brazil 

Figuera,  Victor  (Venezuela) 

Chief  Engineer,  Hydrology  Div. 

Ministry  of  Public  Works 
Av.  El  Paseo  Ota. 

LaBlanca  Prados  del  Este 
Caracas,  Venezuela 

Finelle  P  (Central  African  Republic) 

Director.  Centre  de  recherches  sur  les 
trypanosomiases  animates  de  Bouar 
B.  P  39 

Bouar.  Central  African  Repullic 

Fitch,  Frederick  H.  (  Malaysia,  Borneo,  N.  Borneo) 
Ceological  Survey 
Jesselion,  N.  Borneo 
Sabah,  Malaysia 

Fitzpatrick,  E.  A.  (Australia,  Papua) 

Division  of  Land  Research  It  Regional  Survey 
Commonwealth  Scientific  It  Industrial  Research 
Organization 
P.O.  Bog  109 

Canberra,  A.  C.  T. ,  Australia 

Flint,  Delos  E.  (Cuba) 

Chief  Geologist 
F reeport  Sulphur  Co. 

15*  E.  42nd  Street 

New  York,  New  York  10001 

Floch,  H.  A.  (French  Guiana) 

Institut  Pasteur  de  la  Guyane  franqaise 
et  de  1  'Inins 
B.P.  232 

Cayenne,  French  Guiana 

Flohn,  H.  (Humid  Tropics,  Africa,  Angola, 

South  Asia,  India) 

Meteorological  Institute  of  the  University  of  Bonn 
Bonn,  West  Germany 

Floyd,  Barry  Neil  (Nigeria,  S.  Rhodesia) 

Geography  Department 
University  of  Nigeria 
Nsukka,  Eastern  Nigeria 

Foeng,  Gow  Wie  (Indonesia) 

Division  of  Cartography 
Geographical  Institute 
Ministry  of  Defense 
Djalan  Dr.  WahidinSatu  1/1  < 

Djakarta,  Indonesia 


272 


FOJAS  -  jatL 


Fojas,  T.  N.  (Philippine*) 

Phctogrammetry  h  Cartography  Department 

Bureau  of  Coast  6  Geodetic  Survey 

421  Barraca  Street 

San  Nicolas.  Manila,  Philippines 

roldals,  E.  (Venezuela) 

Director,  Escuela  de  Biologia 
Umversidad  Central  de  Venezuela 
Caracas,  Venezuela 

FonarofL  L  Schuyler  (Barbados) 

Department  of  Geography 

San  Fernando  Valley  State  College 

Northridge.  California  91324 

Forero,  F.A.  (Colombia) 

Department  of  Hydraulics  and  Hydrology 
Inst,  of  Water  Utilization  and  Electric  Power 
A  par  la  do  Postal  1271 
Bogota,  Colombia 

Forsyth,  G.S.C.  (Honduras) 

Director,  Research  Dept. 

Tela  Railroad  Co. 

La  Lima,  Honduras,  C.A. 

Fosberg,  F.  Raymond  (Humid  Tropics,  Colombia 
Oceania,  Palau  Islands,  Ryukyu  Islands) 

212  Holmes  Run  Road 
Falls  Church,  Virginia  2294 2 

Foster.  C.  J.  (Ceylon) 

Department  of  Geography 
California  State  College  at  Long  Beach 
Long  Beach,  California  90804 

Foster,  H.  L.  (Ryukyu  Islands) 

United  States  Geological  Survey 
Washington,  D.C.  20025 

Fournier,  J.  (Africa) 

Director  of  the  Inter- Af  rican  Bureau  for  Soils 
57,  rue  Cuvier 
Paris  5  ,  France 

Fradei.  Michael  A.  (Panama) 

U.  S  A.  Tropic  Test  Center 
P  O  Box  72 

Albrook  AFB.  Canal  Zone 

Framji,  K.K.  (India) 

Ministry  of  Irrigation  and  Power 
Gove  rnment  of  India 
New  Delhi,  India 

Frith,  J.  H.  (Australia) 

Director,  Division  of  Wildlife  Research 
Commonwealth  Scientific  Ii  Industrial  Research 
Organization 
114  Albert  St. 

East  Melbourne,  Australia 

Furon,  R.  (Africa) 

Assistant  Director  French  National 
Museum  of  Natural  History 
Paris  5  ,  F ranee 


Furtado,  S.  da  Silva  (Brazil) 
Sociedade  Brasiletra  de  Cartografia 
C.P.  144-06 
Agenda  La  pa 

Rio  de  Janeiro,  GB,  Brazil 


F utuh,  M.  A.  (Sudan) 

Survey  Department 
Ministry  of  Mineral  Resources 
P.O.  Box  No.  106 
Khartoum,  Sudan 

Galeano.  Tomas  .Paraguay) 

Director  de  la  direccion  de  Midrografia 
y  Navegacion 
Don  Bosco  No.  169 
CC  641 

Asuncion,  Paraguay 

Gailais,  J.  (F  r.  Guinea) 
lnstitut  de  Geographic 
University  of  Strasbourg 
Strasbourg,  France 

Gama,  Lelio  (Brazil) 

Observatorio  Nacional 
Rio  de  Janeiro,  GB,  Brazil 

Garnet,  A  (Cameroon) 

Director,  lnstitut  Pasteur  du  Came  roun 
B  P  888 

Yaounde,  Cameroun 

Garcia,  Antonio  (Ecuador) 

Director-general 

Servicio  Meteorologice  /  Hidrologico 
Quito,  Ecuador 

Garcia  Gallont,:  Porfirio  (Guatemala) 
lnstituto  Geografico  Nacionai 
Guatemala,  Guatemala 

Gamier,  Benjamin  J.  (Humid  Tropics,  Africa 
Nigeria) 

Departm  :nt  of  Geography 
McGill  University 
Montreal,  Canada 

Garstang,  M.  (Trinidad  i  Tobago) 

Department  of  Meteorology 
Florida  State  University 
Tallahassee,  Florida  12106 

Carton,  Vernon  (Hondu-as) 

Honduras  Rosario  Mining  Company 
Tegucigalpa,  Honduras,  C.  A. 

Gaussen,  H.  (South  Asia) 
lnstitut  de  la  carte  Internationale  du 
Tapis  vegetal 
Universite  6*.  Toulouse 
Faculte  des  Sciences 
Alices  Jules-Guesde 
Toulouse,  France 

Gazel,-  M  (Cameroon) 

Dixector.  Bureau  de  rechervhes 
geologiqucs  el  Minicres 
BP  141 

Yaounde,  Cameroun 
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Gedt5tj,  A.  (India) 

Department  of  Geography 
University  of  Edinburgh 
High  School  Yard* 

Infirmary  Street 
Edinburgh?  Scotland 

Genty,  Francois  Joseph  (Guadeloupe) 
Conservation  des  Eaux  st  Foret* 

Administration  de*  Eaux  et  Foritt 
Basse-Terre,  Guadeloupe 

Germain,  R.  (Congo  [b.J  ) 

Univrrsite* Catholique  de  Louvain 
Louvain,  Belgium 

Gersie,  D.  (Nigeria) 

Acting  Assistant  Director 
Minister  of  Transport 
Lagos,  Nigeria 

Gham,  M.  O.  (Pakistan) 

University  of  Dacca 
Dacca,  Pakistan 

Gierlofl-Emden,  Hans  G.  (El  Salvador) 
Treskowstrasse,  43 
Hamburg,  Germany 

Gilchrist,  A.  (Nigeria) 

Meteorological  Office 
Bracknell,  England 

Gillen,  G.  W.  (Hawaii, 

Department  of  Botany 
University  of  Hawaii 
Honolulu,  Hawaii  96822 

Giiiet,  J.B.  (Burundi.  Congo  [b.J ) 

East  African  Herbarium 
P.O.  Box  5166 
Nairobi,  Kenya 

Gines,  Hermann  (Margarita,  Venezuela) 

F  station  de  Isvestigaciones  Marinas 
de  Margarita 
A.P.  144 

Punt*  de  Piedras.  lsla  de  Margarita,  Venezuela 

Ginsberg,  Norton  S.  (Borneo) 

Department  of  Geography 
Unive.  ity  of  Chicago 
Chicago,  Illinois  6063? 

Girard,  C.  (Ivory  Coast) 

Charge  de  Rdcherche 
Service  Hydraulique 
B»P.  1356 

Abidjan,  Cote  d'Ivoire 

Glennie,  J.F,  (Tanganyika) 

Chief  Planning  Eng' nee  r 

Water  Development  6  Irrigation  Department 
Box  9153 

Dar  es  Salaam,  Tanzania 

Godoy  Grela,  Jacinto  (Cuba) 

Director  del  Oftclna  Hidrografica 
Marina  de  Guerra  Revolucionaria 
La  Habana,  Cuba 


Goernasc,  R.  (Indonesia! 

D  rector 

Djawaian  Meteorologi  dan  Geofisik 
Djalan  Geredja  Inggeris  3 
Djakarta,  Indonesia 

Goldbrunner,  Antonio  W.  (Margarita  island) 
Servicio  d*  Meteorologta 
Comandjfncia  General  de  la  Aviari6n 
Maracay,  Venezuela 

Gonfal\es,  Julio  (Mozambique) 

Sec.  -General 

Sociedade  de  Geogralia  de  Lisboa 
R.  Porta*  de  Santo  Antao,  Lisboa,  Portugal 

Gonzales,  Alfonso  (Mexico) 

Department  of  Geogiaphy 
University  of  Southern  Florida 
Tampa,  Florida  33620 

Gonzales  Salazar,  Felix  (Honduras) 

Director,  Hydrographic  Office 
Director  General  da  Recursos  Naturales 
Tegucigalpa,  Honduras 

Gordon,  B.  L.  (Panama) 

Department  of  Geography 
San  Francisco  State  College 
San  Francisco,  California  94132 

Goreau,  Thomas  F.  (Jamaica) 

Department  of  Physiology 
University  of  the  West  Indies 
Mona,  Jamaica 

Gorringa,  K.  (Papua) 

Department  of  Agriculture.  Stock  and  Fisheries 
Port  Moresby,  New  Guinea 

Gosling,  Lie  A.P.  (Malaysia) 

Departme.it  of  Geography 
University  of  Michigan 
Ann  Arbor,  Michigan  48104 

Gourment,  M.  (Senegal) 

Director,  Annexe  en  Afrique 
Occidental  Dakar  de  I'Institut 
Geographique  Nationals 
C.P.  No.  4016 
Dakar,  Senegal 

Gourou,  Pierre  (Humid  Tropics, Bur uodi,  Congo  f  b 
Rwanda,  South  Asia,  North  and  South  Vietnam) 1 
University  of  Bruxelles 
Bruxelles,  Belgium 

Gould,  Peter  R.  (Tanganyika) 

Geography  Department 
Pennsylvania  State  University 
University  Fark,  Pennsylvania  16802 

Goutier,  A.  (Haiti) 

Service  National  Meteorologique 
Port-au-Prince,  Haiti 

Gouvsla,  J.A.  Da  Cun  ha  (Mozambique) 

Direc^ao  dos  Servifot  de  Geologia  e  Minas 
Louren^o  Marques,  Mozambique 
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Gouveia,  M.D.H.G.  (Angola,  Mozambique) 
Sub-Director  o(  CJCA, 

C1CA,  P.O.  Box  107} 

Lourenqo  Marque*,  Mozambique 

Grabau,  W.E.  (Thailand) 

U.S.  Army  Engineer*  Waterway*  Experiment  Station 
Vicksburg,  Mississippi  39180 

Grade,  Enrico  Neve*  Sale*  (Mozambique) 
Mozambique  Geographical  Mission 
Pr.  Joac  do  Rio  2.5° 

E.  Lisboa  1,  Mozambique 

Graham,  A.M.  S.  (Sudan) 

University  of  Khartoum 
Khartoum,  Sudan 

Grant,  P.  M.  (S.  Rhodesia) 

Ministry  of  Agriculture 
Chemistry  Branch 
P.O-  Box  8100 

Causeway,  Salisbury,  Southern  Rhodesia 

Grasse.  P  P  (Gabon) 

Director.  Mission  Biologiqur  du  Gabon 
B  P  18 

Libreville  -  Makokov,  Gabon 

Greene,  H.  (Africa) 

Tropical  Soils  Division 
Rothamsted  Experimental 
Station 

Harpenden,  Herts.  England 

Greenhail.  Arthur  M  (West  Indies) 

Bird  and  Mammal  Laboratories 
University  of  the  West  Indies 
Trinidad.,  West  Indies 

Greenway,  P.  J.  (Tanganyika) 

P.O.  Box  20209 
Nairobi,  Kenya 

Greenwood,  B.D.  (Jamaica) 

Hydrologic  Survey  Div.  Jamaica 
University  of  Leeds 
Leeds,  England 

Gregory,  Stanley  (Mozambique,  Sierra  Leone) 
Department  of  Geography 
University  of  Liverpool 
Liverpool,  England 

Grehan,  Michel  (Uganda) 

Director,  Water  Development  Department 
P.O.  Box  19 
Entebbe,  Uganda 

Gressitt,  J.  Linsley  (Oceania) 

Bernice  P.  Bishop  Museum 
1355  Kaiihi  St. 

Honolulu,  Hawaii  98819 

Griffiths,  J.  F.  (Kenya) 

E.  A.  Meteorological  Department 
Nairobi,  Kenya 


Grimes,  A.  (Malaysia) 

F  arnsbo rough 
Hants,  England 

Griacome,  A.  (Peru) 

United  States  Geological  Survey 
Washington,  D.  C.  20025 

Grobman,  A.  (Peru) 

Director,  Division  de  Experimentation 
Servicio  de  Investigacidn  y  Promocidn  Agraria 
Apartado  2791 
Lima,  Peru 

Grossman,  LG.  (Puerto  Rico) 

U.S.  Geological  Survey 
Washington,  D.C.  20025 

Groulex,  Jacques  L.  J.  (Congo) 

Directeur  de  la  section  Congo 
Centre  Technique  Foresti ir  Tropical 
B.P.  7M 

Point*  Noire,  Rfpublique  du  Congo,  (Brazza) 

Grove,  A.  T.  (Chad,  Nigeria) 

Department  of  Geography 
University  of  Cambridge 
Downing  Place 
Cambridge,  United  Kingdom 

Grover,  J.  C.  (New  Hebrides,  Salomon  Islands) 
Geologist 

British  Solomon  Islands 

Grzimek.  M.  (Kenya,  Tanganyika) 

University  of  Giessen 
Frankfurt,  West  Germany 

Guardia  Jr.,  Tomas  (Panama) 

Director,  Direccioa  de  Cartograffa 
Edificio  El  Dia 
Apartado  5267 
Panama 

Guernsey,  J.  E.  (Jamaica) 

9707  Parkwood  Drive 
Bethesda,  Maryland  200 U 

Cu&i,  Ernesto  (Colombia) 

Call*  67  No.  10-90 
Bogota,  Colombia 

Guilcber,  Andre'  (Africa,  Dahomey,  Madagascar) 
Instxti*  de  Geographic 
191  rue  Saint  Jacques, 

P*ri*  5  ,  F ranee 

Guiscafre,  J.  (Cameroon) 

Chef  de  la  Section  Hydrologie  de  I'lnstitut 
de  Rechercbes  du  Cameroun 
B.P.  193 

Yaounde,  Cameroun 

Gunasekera,  A.  E.C.  S.  (Ceylon) 

Director  of  Irrigation 
Irrigation  Department 
Colombo,  Ceylon 
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GUSHI  -  HEALEY 


Gushi  Kuko  (Ryukyu  Islands) 

Ryukyu  Weather  Bureau 
Aroeku.  N«4h-* 

Okiiuwd,  Ryukyu  Island* 

C-uttierez-Braun,  Federico  (Costa  Rica) 

Director.  Institute  Ceografico  de  Costa  Rica 

Apartado  2272 

San  Jose,  Costa  Rica 

Guzman.  Edward  J.  (Mexico) 

Chief  Geologist 
Petroleos  Mexicanos 
Mexico,  D.F. 

Guzman.  Louis  E.  (Parian* ) 

Department  ot  Geography 

San  Fernando  Valley  State  College 

TSorthridge,  California  91324 

Guzman.  Pablo  Arooldo  (El  Salvador) 

Director  General 
Direction  General  de  Cartografia 
Avenida  Juan  Bertm  No.  59 
Villa  Delgado 

Drpartamcnto  de  San  Salvador 
El  Salvador.  C.  A. 

Ciurran-Bivjs,  Pablo  (Mexico) 

Department  of  Geography- 
University  of  Colorado 
Boulder,  Colorado  »0104 

Haantjens.  H.A.  (Australia.  New  Guinea,  Papua) 
Division  ol  Land  Research  and  Regional  Survey  t 
Commonwealth  Scientific  and  indus.r.al 
Research  Organization 
Canberra.  ACT,  Australia 

Hadaway,  A.  B.  (Africa) 

Director.  Tropical  Pesticides  Research  Unit 
Department  of  Technical  Coop*  ration 
Porton  Down 
NR.:  Salisbury 
Wiltshire,  U.K. 

Hadizeemarne,  S,  (Indonesia) 

Gadyahmada  University 
Jogjakarta,  Indonesia 

Hall.  E.  R.  (Central  Amei  ica) 

Department  of  Zoology 
University  ot  Kansas 
Laurence,  Kansas  &6045 

Hull.  Robert  B.  (Haiti) 

University  of  Michigan 
Ann  Arbor.  Michigan  48104 

Hamid.  U«*r  (Indonesia) 

Director 

Geographical  institute 
Directorate  of  Topography 
Mtmstry  of  Defense 
DjaUn  Dr.  W'abidin  Satu  l/ll 
Djakarta,  Indonesia 


Ha  nee.  William  A.  (Madagascar 
Geography  Department 
Columbia  University 
New  York.  New  York  1002? 

Hanes,  D.  R.  (West  Indies) 

16  Regent  St. ,  Brantford 
Ontario,  Canada 

Hanncy,  A.K.  (Australia) 

11  Rowland  Street 
Mount  Albert 
Victoria,  Australia 

Harrington,  Horacio  (South  America,  Paraguay) 
P.O.  Box  18 
Houston,  Texas  77001 

Karris,  J.  K.  (Tanganyika) 

Dinglefield,  Pipers  Lane, 

He s wall,  Wirral, 

Cheshire,  England 

Harrison,  A.  (S.  Rhodesia) 

Department  of  Biology 
University  of  Rhodesia 
Salisbury,  Rhodesia 


Harrison,  T.  (Borneo,  Brunei,  North  Borneo. 

Sarawak) 

Sarawak  Museum 
Kuching,  Sarawak 

Harriaon-Church,  R.J.  (Ghana,  Mozambique) 
London  School  of  Economics 
Houghton  Street 

London,  W.C.  2,  United  Kingdom 

Hassan,  Ja  affar  bin  (Brunei) 

State  Forest  Officer 
Brunei..  State  of  Brunei 

Kastenrath.  Stefan  L.  (Central  America) 
Department  of  Meteorology 
University  of  Wisconsin 
Milwaukee,  Wisconsin  5321 1 

Han,  Nguyen  (South  Vietnam) 

Chief  Forecaster 
Tan  San  Nhut  Airport 
Saigon,  Vietnam 

Hay,  Richard  (St,  Vincent) 

Department  of  Geology 
University  ot  California 
Berkeley,  California  94720 

Hazanlca,  S,  H.  (Pakistan) 

Agricultural  Experiment  Station 
Department  of  Agriculture 
P.O.  Tejgaon 

Dacca.  Eaet  Bengal,  Pakistan 

Healey,  John  R.  (North  Borneo) 

Department  of  Geography- 
University  of  Arisona 
Tucson,  Arisona  85721 
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Heatwole.  H.  (Puerto  Rico) 
Department  o'.  Biology 
University  of  Puerto  Rico 
Rio  Piedras, 

Puerto  Rico  00931 

Hedayetullah,  S.  (Pakistan) 
Director  of  Agriculture 
Rintir.1,  Dacca,  Pakistan 


Henderson,  J.  P.  (Trinidad) 

WMO  Advisor 

Caribbean  Meteorological  Service 
Port-of-Spain,  Trinidad 

Hennigsen,  Dicrk  (Costa  Rica) 
Geolojisch-Palaontologisches  Institut  der 
Justus  Liebig-Universitat 
63  Giessen 

Landgraf- Phillip- Platt  4-t,  W-  Germany 

Henter,  Thomas  (Panama) 

Meteorologic  and  Hydrographic  Branch 

Panama  Canal  Company 

Balboa  Heights  Canal  Zone,  Panama 

Hepworih,  J.  V.  (Uganda) 

Overseas  Geological  Surveys 
Photogeological  Division 
Kingston  Road 
Tol worth,  Surrey,  England 

Herbaud,  M.  (Gabon) 

Charge  de  Re'cherchea  de  l’ORSTOM 
B.P.  336 
Libreville,  Gabon 


Hindson,  L.  L.  JS.  Rhodesia) 

Senior  Geophysical  Officer 
Hydrological  Branch 
Irrigation  Division 
P.O.  Box  8132-  Causeway 
Salisbury,  Rhodesia 

10a  Tha  (Burma) 

Professor,  Geology  Department 
University  of  Rangoon 
Rangoon,  Burma 

Ho,  Robert  (Malays  ) 

Department  of  Geography 
Australian  National  University 
Canberra,  ACT,  Australia 

Hocking,  K.  S.  (Tanganyika) 

Director,  Colonial  Pesticides  Research  Unit 
P.O.  Box  204 
Arusha,  Tanxania 

Hodge,  W.  (Dominica) 

National  Science  Foundation 
Washington,  D.C.  2002S 

Hoeppii,  Reinhard  (Liberia) 

Director  in  Liberia 

The  Liberian  Institute  of  the  American  Foundation 
for  Tropical  Medicine 
Harbel,  Liberia 


Holdridge,  L.R.  (Central  America,  Costa  Rica,  Haiti) 

Director,  Tropical  Science  Center 

Apartado  2732 

San  Jose,  Costa  Rica 


Herbert,  D.A.  (Australia) 

Department  of  Botany 
University  of  Queensland 
Brisbane,  Australia 

Hershkovitz,  Philip  (Colombia,  Venezuela) 
Chicago  Natural  History  Museum 
Chicago,  Illinois  60605 

Hess,  H.  H.  (Venezuela,  West  Indies) 
Department  of  Geology 
Princeton  University 
Princeton,  New  Jersey 

Hiatt,  Robert  W.  (Hawaii) 

Department  of  Zoology 
University  of  Hawaii 
Honolulu,  Hawaii  96822 

Hills,  Theo  L.  (Barbados,  British  Guiana) 
Department  of  Geography 
McGill  University 
Montreal,  Canada 

HU  ton,  T.E.  (Ghana) 

Department  of  Geography 
University  of  Ghana 
Legon,  Ghana 


Holmes,  C.H.  (Ceylon) 

Food  and  Agricultural  Organization 
Rome,  Italy 

Hoc  gland,  R.D.  (New  Guinea,  Papua) 

Division  of  Land  Research  It  Regional  Survey 
Commonwealth  Scientific  and  Industrial 
Research  Organization 
Canberra,  ACT,  Aus’ralia 

d’Hoore,  J.  L.  (Burundi,  Belgian  Congo,  Rwanda) 
Centre  for  Tropical  Soil  Science 
92,  Ave.  Cardinal  Mercier 
He-,*  rl«ef  Leuven 

Hopson,  A  J  (Nigeria) 

Principal  Fisheries  Research  Officer 
Federal  Fisheries  Service 
P  M  B  2529 
Lagos.  Nigeria 

Ho  sain,  Aoiad  (Pakistan) 

East  Pakistan  Water  It  Power  Development  Authority 
127  Motijheel 
Dacca,  East  Pakistan 

Hou,  Jen-Chih  (Communist  China) 

Chairman,  Department  of  Geology  and  Geography 

Peking  University 

Peking,  Chinese  Peoples  Republic 
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Houis,  M.M.  (French  Guinea) 
Directeur.Institut  fran^ais  d'Alrique  noire 
Conakry,  Guinea  Republic 

Houk,  R.  J.  (Angola,  Cabinda) 

Depaul  University 
25  East  Jackson  Blvd. 

Chicago,  Qlinois  60604 

Howard,  R.A.  (Barbados,  Cuba,  Martinique, 
St.  Lucia,  St.  Vincent,  West  Indies) 

Arnold  Arboretum 

Harvard  University 

Cambridge,  Massachusetts  02138 


Howe,  G.  M.  (N.  A  S.  Rhodesia,  Nyasaland) 
7  Clover  lane 

Bloomfield,  Connecticut  06002 

Howells,  T.  (Nicaragua) 

Department  of  Zoology 

University  cf  California  at  Los  Angeles 

Los  Angeles,  California  90024 

Hoy,  D.  R.  (Guadeloupe  Islands,  Guatemala) 
Department  of  Geography 
University  of  Georgia  ' 

Athens.  Georgia  30602 

Hoyle,  A.  C.  (Sudan) 

Commonwealth  Forestry  Institute 
South  Parks  Road 
Oxford,  England 

Hsieh,  C.  H.  (Communist  China) 

Geography  Department 
Catholic  University  of  America 
Washington,  D.C.  20017 

Hsu,  F.L.  (Communist  China) 

310  Wesley  Avenue 
Evanston,  Illinois  60202 

Hsu,  Hong-Hsi  (Nationalist  China) 

Hydrology  Section,  Survey  Division 
Water  Resources  Planning  Commission 
Ministry  of  Economic  Affair  * 

Taipei,  Taiwan,  Republic  of  China 

Hsu,  1.  (Nationalist  China) 

Department  of  Hi* to  ry 
University  of  California 
Santa  Barbara,  California  93106 

Hsu,  T.  L.  (Nationalist  China) 

Geological  Survey  of  Taiwan 
P.O.  Bo*  31 

Taipei,  Taiwan,  Republic  of  China 

Ksueh,  Chi-h*un  (Nationalist  China) 
Chairman,  Department  of  Geography 
National  Taiwan  University 
Republic  of  China 
Taipei,  Taiwan,  Republic  of  China 

Hu,  C.Y.  (Communist  China) 

Geography  Department 
University  of  Maryland 
College  Park,  Maryland  20742 


Hubbard,  J.  H.  (Ghana) 

7  Barrington  Road 
Solihull,  Warwickshire 
England,  United  Kingdom 

Hubbet! ,  D.  S.  (Venezuela) 

Bo*  56 

State  College,  New  Mexico 

Hubert.  A  (Thailand) 

Major.  V  S.  Armv 
JUSTMAG  -  Entomology 
Bangkok,  Thailand 

Hubert.  W  E  (Hawaii) 

Cmdr  USN  Fleet  Weather  Central 
Pearl  Harbor.  Hawaii 

Huke,  Robert  E.  (Burma) 

Department  of  Geography 
Dartmouth  University 
Hanover,  N»w  Hampshire  03755 

Humbert.  H.  (Madagascar) 

Mus^e  d 1  Histoire  naturelle 
57  rue  ^uvier 
Paris  5  ,  France 

Hong.  F rederick  (North  and  South  Vietnam) 

Department  of  Geography 

Wellington  College 

University  of  Guelph 

Guelph,  Ontario.  Canada 

Hungria  Morell,  Jose  J.  (Dominican  Republic) 

Institute  Cartografico  Militar 

Apt.  de  Correos  1184 

Santo  Domingo,  Dominican  Republic 

Hunter,  F.  R.  (Colombia) 

Departamento  de  Biologia 
Universidad  de  los  Andes 
Apartado  Aereo  4976 
Bogota,  Colom6ia 

Hunter,  John  M.  (Ghana) 

Department  of  Geography 
University  of  Durham 
Durham.  England 

ljurault,  J.  (F rench  Guiana) 

Ecole  de»  Hauts  etudes 

Sorbonne 

Paris,  France 

Hurlimann,  H.  (New  Caledonia) 

Baeel,  Switzerland 

lmmisch,  George  (Thailand) 

Earth  Sciences  Division 
U.S.  Army  Natick  Laboratories 
Natick,  Massachusetts  01762 

Indasaura  Kampot  (Thailand) 

Meteorological  Department 
Royal  Thai  Navy 
Bangkok,  Thailand 
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lnms,  U.Q.  (Jamaica) 

Geography  Department 
Queen's  University 
Kingston,  Ontario,  Canada 

Ireland,  A.  W.  (Nigeria,  Sudan) 

Meteorological  Ollice 
Lagos,  Nigeria 

Ishaq,  S.  M.  (Pakistan) 

Pakistan  Forest  Institute 
Peshawar,  West  Pakistan 

Iskandar,  (Indonesia) 

Specialty  on  Geography 
University  of  Padjadjaran 
Djalan  Dr.  Wahidin  I/ll 
Djakarta,  Indonesia 

Islam,  M.  Amirul  (Pakistan) 

Director  of  Soil  Survey 
Dacca,  East  Pakistan 

Islam,  S.  R.  (Pakistan) 

Director,  Hydrographic  Department 
Naval  Headquarters 
Karachi,  Pakistan 

Isnard,  Hildebert  (Martinique,  Madagascar) 

43,  Avenue  Victor  Hugo 

Aix  en  Provence  (Boucbes  du  Rhone),  France 

Jackson.  Ian  (Tanganyika) 

Department  of  Geography 
University  College 
Dar  Es  Salaam.  Tansania 

Jackson,  P.  B.  N.  (Uganda) 

Director,  East  African  Fisheries  Research 
Organization 
P.O.  Bo*  343 
Jinja,  Uganda 

Jackson.  Roy  O.  (Liberia) 

L.S.  Geological  Survey 
American  Embassy-US  A.  LD. 

Monrovia,  Liberia 

Jackson.  S.  P.  (Africa) 

Professor  of  Geography 
University  of  Witwatersrand 
Johannesburg,  Repu bii c  of  South  Africa 

Jacobs,  Allen  (Kenya,  Tanganyika.  Uganda) 
Department  of  Anthropology 
University  of  Illinois 
UrbiUi  Illinois  61803 

Jacques -Felix,  H.  (Cameroon,  New  Guinea) 
Centre  scientifique  et  technique 
Office  de  la  recherche  scientifique  et  technique 
d'outre-mer 
80  route  d’  Aulaay 
Bowdy.  Seine.  F  ranee 

James,  Preston  (South  America,  Brasil, 
Trinidad  h  Tobago) 

Department  of  Geography 
Syracuse  University 
Syracu  e.  New  York  13210 


Janaki-Ammal,  E. K.  (India) 

Regional  Research  Laboratory 
Jammu  and  Kashmir 
Canal  Road 
Jammu,  India 

Jannsenns,  P. G. (Burundi,  Rwanda) 

Institut  de  Medicine  Tropicale  Prince 
Leopold 

155  rue  Nationale 
Anvers,  Belgique 

Jaraswathana,  Damrong  (Thailand) 

Assistant  Head,  Hydrology  Section 
Royal  Irrigation  Department 
Ministry  of  Agriculture 
Bangkok,  Thailand 

Jarret,  H.  R.  (Gambia,  Sierra  Leone) 
Department  of  Geography 
University  of  Newcastle 
Newcastle,  New  South  Wales,  Australia 

Jayasinghe,  D.  J.  (Ceylon) 

Acting  Director 
Department  of  Meteorology 
Butler's  Road 
Colombo,  Ceylon 

Jenks,  William  F.  (Peru) 

Department  of  Geo)  gy 
University  of  Cincinnati 
Cincinnati,  Ohio  45221 

Jenny,  Hans  (Colombia) 

Department  of  Soil  Science 
University  of  California 
Berkeley.  California  94720 

Jennings,  Joseph  Newell  (Australia) 

Department  of  Geography 
Australian  National  University 
Canberra,  ACT,  Australia 

Jimenez,  Alfonso  (Costa  Rica) 

Museo  Nacional  de  Costa  Rica 
San  Jose,  Costa  Rica 

Jimenez,  J.M.  (Dominican  Republic) 

Santiago 

Dominican  Republic 

Jobannessen,  Carl  (Honduras) 

Department  of  Geography 
University  of  Oregon 
Eugene,  Oregon  97401 

Johnson,  D.  H.  (Tanganyika,  Uganda,  Malaysia) 
RAF  Station 
Changi- Singapore 

Johnston,  W.  Barry  (Oceania) 

Department  of  Geography 
University  of  Canterbury 
Christchurch,  New  Zealand 

Johnston,  William  D.  Jr.  (New  Caledonia) 
Foreign  Geology  Branch 
United  States  Geological  Survey 
Washington,  D.C.  20325 
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Johnstone,  W.C.  (India) 

J06S  University  Terrice,  N.  W. 
Washington,  D.  " .  20316 

Jones,  E.  W.  (Cameroon) 
Commonwealth  Forestry  Institute 
South  Parks  Road 
Oxford,  England 

Jones,  Harding  (Madagascar) 
Department  of  Geography 
State  University  of  New  York  at  Buffalo 
Buffalo,  New  York  14214 

Jones,  T.A.  (British  Guiana) 

IS  Rot  her  slade  Road 
Langiand,  Swansea,  Wales 


Jordan,  H.D.  (Sierra  Leone) 

Director,  West  African  Rice  Research  Institute 
Rokupr,  Sierra  Leone 

Journaux,  Andre  (Colombia) 

19,  rue  Ixidore-Pierre 
Caen  (Calvados)  F ranee 

Kalk,  M.  (Mozambique) 

Hydrology  Section 
Royal  Irrigation  Department 
Ministry  of  Agriculture 
Bangkok,  Thailand 

Kanchanalak,  Boone  bob  (Thailand) 

Head  of  Hydrology  Section 
Royal  Irrigation  Department 
Ministry  of  Agriculture 
Bangkok,  Thailand 

Kanhalikhan,  Khamtanh  (Laos) 

Directeur  du  Service  nationale 
de  la  Meteorologie  et  de 
Hydrometeorologie  du  Laos 
Vientiane,  Laos 

Kapur,  A.  P.  (Lidia) 

Zoological  Survey  of  India 
Calcutta,  India 

Karan,  P.  P.  (India) 

University  of  Kentucky 
Lexington,  Kentucky  40506 

Keaat,  Allen  (Australia) 

Australian  Museum 
Sydney,  Australia 

Keay,  R.W.  J.  (Afncs,  Nigeria) 

Deputy  Executive  Secretary  of  the  Royal  Society 
Burlington  House 
London  Wl,  England 

Kehrer,  Louis  (Veneauela) 

11.  Frohheimweg 
Olten,  Switzerland 

Keiro,  T.  (Chad) 

Minittre  des  Travaux  publics 
Fort  Lamy,  Tchad 


Kengebele,  A.  (Congo  [b.] ) 

Chief,  Photocartography  Section 
Institut  Geographique  du  Congo 
45  Av.  Valcke- Leopoldville 
B.  P.  B«»  10«6 
Kinshasa -Kalina,  Congo 

Kenney,  Joseph  W.  (Honduras) 

Department  of  Geography 
University  of  Wisconsin 
Milwaukee,  Wisconsin  5J2!  1 

Kervorthy,  Joan  M.  (Kenya,  Tanganyika,  Uganda) 
Department  of  Environmental  Studies 
University  of  Lancaster 
Lancaster,  England,  United  Kingdom 

Khalil,  Fouad  (Africa) 

Department  of  Zoology 
Faculty  of  Science 
Orman-Giza 
United  Arab  Republic 

Khan,  E  J.  (Ghana) 

Research  Officer  in  Charge 

Kpong  Agricultural  Irrigation  Research  Station 
P  O  Box  9 
Kpong,  Ghana 

Khan,  F.  Karim  (Pakistan) 

Department  of  Geography 
University  of  Dacca 
Dacca,  East  Pakistan 

Khan,  G.  H.  (Pakistan) 

Director  of  Map  Publication 
Survey  of  Pakistan 
Surveyor  Generals  Office 
Victoria  Road 
P.O.  Box  J906 
Karachi,  Pakistan 

Kiet,  Le  Cong  (  South  Vietnam) 

Department  af  Botany 
Faculty  of  Sciences 
University  of  Saigon 
Saigon,  Vietnam 

Kirn,  Tan  Hucn  (Cambodia) 

Director  Forest  i  Wildlife  Service 
Ministry  of  Agriculture 
Phnom -Penh,  Cambodia 

Kimber,  Clarissa  T.  (Dominica  Is.,  Martinique, 
St.  Lucia,  Trinidad  !-  Tobago,  West  Indies) 
Department  ot  Geography 
University  of  California 
Riverside,  California  92507 

Kimble,  George  H.  T.  (Africa) 

Rural  Route  1 
Solsberry,  Indiana  474  59 

King.  L.C. (Africa,  S.  Rhodesia) 

Geology  Department 
University  of  Natal 
Box  1525 

Durban,  South  Africa 
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King.  P.  B.  (Philippines) 

Geology  Department 
Princeton  Unive.  mty 
Princeton,  New  Jersey  08540 

Kintanar,  Roman  L.  (Philippine*) 

Director,  Atmospheric  Research  Unit 
Philippine  Weather  Bureau 
Marsman  Building,  Port  Area 
P.L.  Box  2277 
Manila,  Philippines 

Klinge,  H.  (El  Salvador) 

Hydrobiologische  Anstalt 
der  Max- Plane k  Ge sell schaft 
Plon/Hol stein,  Germany 

Kocinskt.,  K  (Congo  [  1.  ]  ) 

Director,.  Bureau  minier  Congolais  (Bomi  Co.) 
B.  P.  2124 
Brazzaville.  Congo 

Koechlin,  J.  (Africa,  Congo  [f.]  ) 

Chef  de  Travaux 

Laboratoire  de  Botanique  tropical. 

Faculte  des  Sciences 
Universite  de  Paris 
Paris,  France 

Kcstermans,  A.  J.  G«  H.  (Borneo,  Indonesia) 
Head,  Botanical  Division 
Forest  Research  Institute 
Bogor,  Indonesia 

Koveh.  (Ghana) 

Deputy  Director,  Meteorological  Department 
Accra,  Ghana 

Kovzelj,  A.G.  (South  Asia) 

USSR  Hydrometeorological  Service 
State  Hydrological  Institute 
Leningrad,  B-53,  U.  S.  S.  R. 

Krishnan,  M.S.  (Burma) 

Department  of  Geography 
Andhra  University 
Waltan,  India 

Killer,  Hans  G.  (Trinidad  t>  Tobago) 

Natural  History  Museum 
Augustine  rgas  se 
Basel,  Switserland 

Kularatnam,  Karthigesapillai  (Ceylon) 

61,  Pendennis  Avenue 
Colombo  3,  Ceylon 

Kuoper,  Alfredo  (South  America,  Brazil, 

Ec  uador ) 

Instituto  Agronomico 
Campinas,  Sao  Paulo,  Brazil 

Kyi,  Aung  (Burma) 

Deputy  Hydrograpber 
Burma  Navy 

Naval  Hydrographic  Depot 
Rangoon,  Burma 


Kyi,  Daw  Thin,  (Burma) 
Professor,  Geography  Department 
University  of  Rangoon 
Rangoon,  Burma 


Kyi,  M.  A.  (Burma) 

Department  of  Geography 
University  of  Rangoon 
Rangoon,  Burma 

Ladd,  Harry  S.  (Fiji) 

United  States  Geological  Survey 
Ro  sm  E-510 
U.  S.  National  Museum 
Washington,  D.C.  20242 

LadeU,  W.S.S.  (Nigeria) 
Ministry  of  Supply 
Salisbury,  England 


Lamb.  A.  F  A.  (Sierra  Leone) 

Chief  Conservator  of  Forests 

Forestry  Division 

Ministry  of  Natural  Resources 

New  England.  Freetown.  Sierra  Leone 

Lambert,  B.  P.  (Australia) 

Director,  Division  of  National  Mapping 
Department  of  National  Development 
GPO  Box  10 

Canberra  ACT,  Australia 

Lamotte,  M.  (Ivory  Coast) 

Directeur.  Laboratoire  d'ecologie 
tropicale  de  Lam  to 
B.  P.  16 

Tiassale,  Cote  d'Ivoire 

Lane.;  D  A  (Sudan) 

Assistant  Director 
Forestry  Department 

Forestry  Research  and  Education  Centre 
P.  O.  Box  658 
Khartoum,  Sudan 

Lanjouw,  J.  (Surinam) 

Botanical  Museum  6  Herbarium 
Utrecht  University 
Lange  Nieuwslraat  106 
Utrecht,  The  Netherlands 

Larrangoita  Alonso,  Luis  (Cuba) 
Director  del  Observat.-.io  Nacional 
Casa  Blanca,  La  Habana 
Republic*  de  Cuba 

Laseur,  N.  E.  (South  America) 
Department  of  Meteorology 
Florida  State  Unive  rslty 
Tallahassee,  Florida  32306 

Lasser,  Tobias  (Venezuela) 

Instituto  Botanico 
A  part*  do  2156 
Caracas,  Venezuela 
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Untrrt,  Gjy  (Central  America,  Goa  leloupe  Islands, 
Martinique,  Cameroon,  Gabon) 

Insilt-Jt  de  Geographic 
Unlversile  de  Bordeaux 
Bordeaux,  France 

Lathrap,  D.  W.  (Peru) 

Department  of  Anthropology 
Uni #ef  city  of  Illinois 
Urbans,  Illinois  6160 

Latif ,  Bef,  A.  (East  FaiusUn) 

Director,  Water  Investigation 
Ea»t  Pakistan  Water  and  Power  Development 
Authority 
127  Motijheel 
Dacca,  rast  Pakirtan 

Liu,  L.  Stephen  (Hawaii) 

AxsncUte  Director,  Water  Resources  Keaearch  Center 
(WRKC) 

Vntveriity  of  Hawaii 
Honolulu,  Hawaii  9t>822 

Uuer,  W,  (Ei  Salvador) 

Geographi aches  iMiitut 
Neue  Universtuit,  Haua  B2 
Kiel,  Wen  Germany 

LccUnr .  1  (Rwanda) 

Director  -•  General 
In  at  it  at  dra  sciences  agroaomiques 
do  Rwanda 
Ruhona.  B  p  1  J6 
Bit* re,  Rwanda 

Lebcn.  J.  H.G.  (Sudan) 

School  of  African  and  Oriental  Studies 
The  University  of  Lcoacn 
London  *.C.  1,  England 

Lebrun.  Jean  (Congo  f  b  j ) 
fcititut  de  Botaniqae 
Universlte  Catholique  de  Louvain 
4  rue  K raeken 
Louvain,  Belgium 

Ledger,  P-C.  (Niger!*) 

Department  «'  Geography 
The  Unirera«ty  ot  BirtniRgha.-n 
Birmingham,  England 

Lee.  Douglas  H.  K-  (Humid  Tropics) 

Research  fc  Technical  rnc&ity 
Division  of  Occupational  Health 
IJ,S.  Department  of  Public  Health 
1014  Broadway 
Cincinstti,  Ohio  452-32 

Lee,  Y.L.  (Sarawak) 

University  of  Singapore 
Bukittimah  Road 
Singapore  10 

Lehman,  Herbert  (Cuba) 

KslUakcfway  115 

P  rankfuct  am  Main 
ifts  Germany 


Lehrer,  Paul  L.  (Kenya) 

Department  of  Geography 
University  of  Wisconsin 
Milwaukee,  Wisconsin  5321 1 

l.eisng,  f.  (South  America,  French  Guiana,  Burundi 
Rwanda) 

Lateri  :c  Soil  Specialist 
Centre  de  recherche*  petrograpbiques  et 
geoc bimiques  dc  Nancy 
E.  P.  Box  66 i 

Mane  y-Vandaeuvre,  France 

l.eneuf ,  Nasi  (Jvorv  Coast) 

Direct*!)'  e*  i'lnstitut  d‘  eludes 
et  de  recherche*  tropical** 

B,P,  2C 

Abidjan,  Ivory  Coast 

Leopold,  A.  S.  (Mexico! 

Museum  of  Vertebrate  Zoology 
University  of  California 
Berkeley,  California  94704 

Leperwsnt,  M,  T.  (Burundi,  Congo,  Rwanda) 
Conservateur  au  mu  see  royal  de  Congo 
Tsrvuersn 

Leasmann,  I.  Helmut  (El  Salvador) 

Dspartaxnenta  de  hiciaerologta 
Minislerio  de  Defenea 
£5  Avxnid*  Norse 
San  Salvador;  El  Salvador 

Lcitcr.  Joseph  F  (Panama} 

Lt.  Col.  USAFDet.  5 

2nd  WtiStc:  Group 
Howard  Al'B,  Canal  Zone 

Lrtouxey,  M.  R.  (Cameroon) 

Chef  d*  la  section  de  recherche*  forestieres 
du  Cameroun 
Yaooadl,  Cameroun 

Lew.  Dr.  T.  *.  (Nationalist  China) 

Senior  Entomologist 
Flan?  Industry  Division 

Joint  Commission  on  Rural  Reconstruction 
Taipei,  Taiwan,  Republic  of  China 

Lewis,  John  B.  (Barbados) 

Director,  f-tlluri  Research  Institute 
cf  McGill  University 
St.  James.  Barbados 

Lewis,  JohnF,  (Si.  Vincent) 

Geology  Dspunmeoi 
Urirtttiiy  of  the  West  Indies 
Mena.  Kingston,  Jamaica 

Li,  Hui-Iir.  { Nationalist  China) 

Morris  Arboretum 
University  of  Ftruuyiviaii 
Philadelphia,  Pennsylvania  19)04 

Li uerr..  L.  (Congo  [  b.]  } 

14  rue  Lietart 
Wolawa  Si.  Pterre 
Bruxelles.  Belgium 
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Liddle,  Ralph  A.  (Trinidad  i>  Tobago) 

5U  Rivar  Crest  Drive 
Ft.  Worth,  Texa*  76107 

Lm,  C.C.  (Nationalist  CM'-a) 

Mining  Section,  Department  of  Reconstruction 
Taiwan  Prov.  Government 
Taipei,  Taiwan,  Republic  of  China 

Lin,  Fam  Seng  (Malayaia) 

Drainage  and  Irrigation  Department 

Kuala  Lumpur 

Malaysia 

Lindeman.  J.C.  (Surinam) 

Lange  Nieuwstraat,  106 
Utrecht,  Netherlands 

Ling,  Shao-Hou  (Nationalist  China) 
Department  of  Meteorology 
National  Taiwan  University 
Taipei,  Taiwan.  Republic  ot  China 

Linos,  Juamto  F.  (Philippines) 

Senior  Meteorologist 
Philippine  Weather  Bureau 
Manila,  Philippines. 

Llano.  M.  del  (Colombia) 

Uaiversidad  Nacional  de  la  Colombia 
Calle  65,  e°48-3S 
Medellin,  Colombia 

Lowenthai,  David  (Br.  Guiana, 

Fr.  Guiana,  Surinam) 

Arae  rican  Geographical  Society 
Broadway  and  156lh  Street 
New  York,  New  York  10032 
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47  Theofiel  Rowcort  St. 

Berchem-Antwerpen 

Belgium 

Pelissier,  R.  (D-ibomey,  Senegal) 

42  Ave.  de  Saxe 
Paris  7  ,  France 

Pelleray.  H.  (Madagascar) 

Ingenicur  hydrologue 

Jffice  de  la  recherche  scientifique  et  technique 
d'outre-mer 
Paris,  France 

Pelzer,  Karl  J.  (South  Asia) 

Southeast  Asia  Studies  Program 

Yale  University 

New  Haven,  Connecticut  06320 

Pena  Aguirre,  Federico  1.  (Mexico) 

Avernda  Observatorio  192 
Tarubava,  Mexico,  D.F. 

Pepper.,  M  (Gabon) 

Director.,  Mission  au  Gabon  (ORSTOM) 

B  P  31  15 
Libreville.,  Gabon 

Pereira,  H.  C,  (Kenya,  Southern  Rhodesia) 
Director 

Agricultural  Research  Council  of  Central  Afri  :a 
P.  O.  Box  3397 
Pax  House,  Union  Avenue 
Salisbury,  Rhodesia 

Perez  Arbelaez,  Enrique  (Colombia) 

Instituto  Geografico  "Agustin  Codazxi" 

Bogota,  Colombia 
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PEREZ  MOTA  -  PUIG-TOMAS 


Perez  Moll,  Oscar  O.  (Dominican  Republic) 

Director,  DeprrUmento  de  Hidrografia 

Marina  de  Guerra 

Jefatura  de  Esiado  Mayer 

Santo  Domingo,  Dominican  Republic 

Perroaset,  M.  (French  Guiana,  Guadeloupe, 
Martinique,  Weat  Indiea) 

Service  meteoroiogique  du  Croupe  Antilles  -  Guyane 
Fort-de-France,  Martinique 
French  Weat  Indiea 

Perry,  R.A.  (Australia) 

Chief,  Regional  Surveys 

Division  of  Land  Research  fc  Regional  Survey 
Commonwealth  Scientific  fc  Industrial 
Research  Organization 
P.O.  Box  109 

Canberra,  A.  C.  T. ,  Australia 

Pflaker,  George  (Bolivia) 

U.S.  Geological  Survey 
345  Middlefield  Road 
Menlo  Park,  California  94025 

Phaup,  A  E  (S  Rhodesia) 

Director.  Rhodesia  Geological  Survey 
P  O  Box  8C39.  Causeway 
Salisbury,  Rhodesia 

Phillips,  W.  (Liberia) 

Chief,  Division  of  Meteorology  -  Hydrology 
D.  P.  W.  D. 

Monrovia,  Liberia 

Phipps,  J.  (Sierra  Leone) 

Head.;  Department  of  Zoology 
Fourah  Bay  College 

The  University  College  of  Sierra  Leone 
P.  O.  Box  89 
Freetown.  Sierra  Leone 

Pico,  Raphael  (Puerto  Rico) 

Banco  Popular  de  Puerto  Rico 
Calle  Tetuan 

San  Juan,  Puerto  Rico  00901 

Piianaiia,  Abraham  (Hawaii) 

Chairman,  Hawaiian  Lands  Commission 
Honolulu,  Hawaii 

Pike,  J.G.  (Nyasaland) 

Hydrologist 

Department  of  Hydraulics 
Zomba,  Malawi 

Pino,  John  (Mexico) 

Director,  Centro  Nacional  de  Investigac tones 
Pecuai  .as 

Palo  Alto,  D.  F.  Mexico 

Pinto-Lopes,  J.  (Mozambique) 

Museu  Dr.  Alvaro  de  Castro 
C.P.  59* 

Lourenqo  Marques,  Mozambique 


Po pence,  Hugh  L.  (Guatemala) 

Director,  Center  fr,r  Tropical  Agriculture 
University  of  Florida 
GGnesviUe,  Florida  32b03 

1  penoe,  Wilson  (Guatemala,  Honduras) 

Calle  de  la  Nofaleza  N*  2 
Antigua,  Guatemala 

Porta,  Jaime  de  (Colombia) 

Inst,  de  Ciencias  Naturales 
Univ.  Nacional  de  Colombia 
Apartado  2535 
Bogota,  Colombia 

Porter,  P.  W.  (Liberia) 

Department  of  Ceography 
University  of  Minnesota 
Minneapolis,  Minnesota  55414 

Por.ig,  Wilfred  (Central  America,  El  Salvador) 

Research  Division 

U.S.  Army  Tropic  Test  Center 

P.O.  Drawer  942 

Fort  Clayton,  Canal  Zen: 

Pougnet.  M  (Ivory  Coast) 

Director.  Bureau  de  rechcrches  geologiques 
e,  mini  err* 

B  P.  1335 

Abidjan.  Cote  d'  Ivoire 

Preston,  D*A,  (Ecuador) 

Department  of  Geography 
University  of  Leeds 
Leeds,  England 

Price,  E.  T.  (Barbados) 

Department  of  Geography 
University  of  Oregon 
Eugene,  Oregon  97401 

Price,  Saul  (Oceania,  Haw.tii) 

Chief  Forecaster 
U.S.  Weather  Bureau 
Honolulu,  Hawaii 

Procter,  B.  (Malaysia) 

Acting  Director  of  the  Geological  Survey 
of  Malaysia  (Malaya  Region) 

Kuala  Lumpur,  Malaysia 

Probaska,  F.  (Guatemala) 

Servicio  Meteorologico  Nacional 
Guatemala  City,  Guatemala 

Pugh,  J.C.  (Nigeria) 

Kings  College 

Strand,  London  W.C.  2.  England 

Puig-^omas,  Juan  (Dominican  Republic) 
Professorof  Meteorology 
Department  of  Physics 
Universidad  Autonoma  de  Santo  Domingo 
Santo  Domingo,  Republics  Dominica 


Pongsapipat,  T  ha  worn  (Thailand) 
Chief,  Central  Forecasting  Division 
Meteorological  Department 
Bangkok,  Thailand 


PULGAR  VIDAL  -  REVEIL 


Pulgar  Vidal,  Javier  (Peru) 
lnetituto  de  Geografia 

Uaiversidad  Nacional  Mayor  de  San  Marco* 
de  Lima 
Yiron  Puna  450 
Lima,  Peru 

Puri,  G.  S.  (Humid  Tropic*,  India) 

Nkrumab  College  o f  Technology 
Kunuii,  Ghana 

Purseglove,  J.  W.  (Trinidad  l>  Tobago,  Uganda) 
University  of  the  West  Indie* 

Imperial  College  of  Tropical  Agriculture 
St.  Augustine,  Trinidad 

Pusponergcro,  R.S.D.  (Indonesia) 

Dean,  Veterinary  Faculty 
Bogor,  Indonesia 

Putzer,  Hanufrit  (Paraguay) 

Amt  fur  Bodeoforschung 
Wiesenatrasse,  1 
Hanover,  West  Germany 

Quate,  Boyd  E.  (Panama) 

P.O.  Box  8416 

Panama  City,  Republic  o:  Panama 

Quist-Acton  (Ghana) 

Forestry  Department  Head  Office 
Accra,  Ghana 

Quisumbing,  E.  (Philippines) 

Director,  National  Museum 
llanja,  Philippine-' 

Qureshi,  M.  Rahimullah  (Pakistan) 

Marine  Fisheries  Department 
Karachi,  West  Pakintan 

Quy,  Bui- Van  (South  Vietnam) 

Zoology  Laboratory 
Faculty  of  Science 
Saigon  University 
Saigon,  Vietnam 

Rabor,  Dioscoro  S.  (Philippines) 

Silliman  University 
Dumaguete  City 
Negros  Oriental 
Philippines 

Rajendran,  K.  (Malaysia) 

Director,  Malayan  Meteorological  Service 
Fuller  Building 
P.O.  Box  715 
Singapore,  1 

Ramage,  C.S.  (Asia,  Hawaii) 

Department  of  Meteorology  it  Oceat. -igraphy 
University  of  Hawaii 
Honolulu,  Hawaii  96822 


Raman,  C.R.V.  (India) 

Director,  International  Meteorological  Center 
Colaba  Observatory 
Bombay  -  Colaoa,  India 


Ramanisarivo,  (Madagascar) 

Dtrsctsur,  Direction  de  la  Meteorolo&ie 
B.P.  1254 

Tananarive,  Malagasy  Republic 

Ramaswamy,  C.  (India) 

Director 

Indian  Meteorological  Deoartment 
New  Delhi,  India 

Ramdar,  J.  (Indi.) 

National  Physical  Laboratory 

Hillside  Road 

New  Delhi  12,  India 

Ramirez,  S.J.,  Jesus  Emilio  (Colombia) 

Institute  Geofisico  de  los  Andes 
Bogota,  Colombia 

Randall.  J.  E.  (Puerto  Rico) 

Director,  Institute  of  Marine  Biology 
University  of  Puerto  Rico 
Mayaguez,  p.R. 

Rao,  K.  N.  (India) 

Director,  Regional  Meteorological  Centre 
Colaba  Observatory 
Bombay  -  Colaba.  India 

Ratisbona,  Leandro  R.  (South  America,  Brazil) 
Servigo  do  Meteorologla,  Ministerio  de  Agriculture 
ra^a  15  de  Novembro 
Rio  de  Janeiro,  GB,  Brasil 

Ratzeburg,  F.  H.  (Kenya) 

Land  Consolidation  l<  Settlement  Department 
Survey  of  Kenya 
P.O.  Box  30046 
Nairobi,  Kenya 

Regalado,  Jose  C.  (Philippines) 

Supervising  Hydrographic  Engineer 
Irrigation  Division 
Bureau  of  Public  Works 
Manila,  Philippines 

Reichel-Delmatoff,  G.  (Colombia) 

University  of  the  Andes 
Bogota,  Colombia 

Reiner,  E.  J.  (New  Guinea) 

New  Guin<-  a  Section  Commonwealth  Scientific  and 
Industrial  Research  Organization 
P.O.  Box  29C 
Canberra,  ACT,  Australia 

Renz,  Hans  H.  (Venezuela) 

Mene  Grande  Oil  Co. 

Apartado  709 
Caracas,  Venezuela 

Resing,  W.L.  (Cambodia) 

Institut  de*  rec  here  he  s  *ur  ]e 
caoutchouc  au  Cam  bodge 
B.P.  11 

Kompong-Charn,  Cambodia 

Revell,  Russell  W.  (South  Asia) 

Harz*  Engineering  Company 
Bangkok,  Thailand 
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RIBEIRO  -  ROUGERIE 


Ribeiro,  O.  (Angola,  Portuguese  Guinea)  Rodier,  J.  (Africa) 

Departamento  de  Geografia  1  rue  Leon  Ciadel 

Faculdad  de  Letras  Paria,  F ranee 

Cuidad  Univeraitaria 

Lisboa.  Portugal  Rodin  L  £  (South  America) 

Komarow  Botanical  Inatitute 

Richard*,  Paul  Weatmacott  (Humid  Tropica,  Brittah  Guiana.  Academy  of  Science  of  the  USSR 


Nigeria,  Sarawak) 

Profeaaor  of  Botany 

Univeraity  College  of  North  Walea 

Bangor,  Caerna,  U.K. 

Richardaon,  J.A.  (Malayata) 

107  Kootney  Trail 
Britiah  Columbia 
Canada 

Richardaon.  R.W.  (South  America) 
Department  of  Geography 
San  Diego  State  College 
San  Diego,  California  921  IS 

Riefcl,  Herbert  (Humid  Tropica,  Veneauela) 
Department  of  Atmospheric  Sciences 
Colorado  State  Univeraity 
Ft.  Collina,  Colorado  80521 

Rimington,  G.T.  (Nyasaland) 

Acadia  University 
Nova  Scotia,  Canada 

Ripley,  S.  Dillon  II  (South  Asia,  India) 
Smithsonian  Institute 
Washington,  D.C.  20025 

Rizvi,  All  L  H.  (Pakistan) 

Department  of  Geography 
University  of  Dacca 
Dacca,  East  Pakistan 

Robbins,  I'..G.  (Jamaica,  Australia) 
Australian  National  University 
Canberra,  ACT,  Australia 

Robinson,  Ted  (Jamaica) 

Geology  Depa  rtment 
University  of  West  Indies 
Mona,  Jamaica 


Robyns,  W.  (Burundi,  Rwanda) 

Jardin  boianique  de  1'etat 
Bruxelles,  Belgium 

Roche,  M.  (Africa) 

Office  de  la  recherche  scientifique  et 
technique  d'outre-mer 
Paris,  France 

Roche,  P.  (Madagascar) 

Service  Conservation  des  Sols 
B.P.  243 

Tananarive,  Malagasy  Republic 

Rodgers,  Kirk  (South  America,  Central  America) 
Natural  Resources  Unit 
Pan  American  Union 
Washington,  D.C.  20004 
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Leningrad,  USSR 

Rodriquet,  Filemon  (Philippines) 

President  and  General  Manager 

Engineering  and  Development  of  the  Philippines 

Manila,  Philippines 

Rodriquez  Alvarez,  Graciela  (Mexico) 

Jefe  Del  Servicio  Meteordlogico  Nacional 
Direccion  General  de  Geografia  y  Meteorology  a 
Ave.  Obscrvatorio  192 
Mexico  18,  D.F. 

Roe,  F.  W.  (Borneo) 

Overseas  Geological  Surveys 

64/18  Grays  Inn  Rd 

Holborn,  London  WC1,  England 

Rogers,  J.  N.  C.  (Australia) 

Director,  Survey  Branch 
Department  of  the  Interior 
Canberra  A. C.  T. ,  Australia 

Roitto,  Yrjol.  (Liberia) 

Forestry  Offices 

UN  Technical  Association  Board  6  Special  Fund 
FAO  Mission 
University  of  Liberia 
Monrovia,  Liberia 

Romero,  Adolfo  C.  (Venezuela) 

Direccion  de  Cartografia  Nacional 
Cano  Amarillo 
Estacion  Ota.  Sta.  Inez 
Caracas,  Venezuela 

Roonwall,  M.  L.  (India) 

Zoological  Survey  of  India 
Calcutta,  India 

Rosayro,  R.A.  de  (Ceylon) 

Food  and  Agricultural  Organization 
Rome,  Italy 

Rose.  W  (Uganda) 

Chief  Research  Officer 
Department  of  Agriculture 
P  0  Box  2 
Entebbe.  Uganda 

Rcsevear,  D.  R.  (Nigeria) 

c/o  British  Museum  of  Natural  JSjtory 

London,  5,  W.  7,  England 

Rotschi.  Henri  (New  Caledonia) 

Institut  franqais  en  oceanic 

Noumea 

New  Caledonia 

Rougerie,  G.^  (French  Guinea,  Ivory  Coast) 
Institut  d<  Geographic 
Universite  de  Besanqon 
Be  *  an  ^  on,  France 


ROY  -  SANGSiIR 


Roy,  B.C.  (India) 

Director,  Geological  Survey  oi  India 
n  Chowringbee  Ave. 

Calcutta,  India 

Rudolph,  William  E,  (Bolivia) 

20  E.  66  Street 

York,  New  York  10021 

Kuellan,  Francis  (Brazil) 

Laboraioire  de  Geomorphologie 
Universite  de  Rennes 
Rennet,  France 

Rula,  A.  A.  (Thailand) 

U.  S.  Army  Engineers  Waterways  Experiment  Station 
Vicksburg,  Mississippi  39180 

Rumeau,  A.  (Africa,  Central  African  Rep, ,  Chad, 
Comores  Islands, French  Congo,  Dahomey,  Gabon, 
Ivory  Coast,  Madagascar,  Senegal,  Togo) 

Institut  Geographique  National 
136  bis  rue  de  Crenelle 
Paris  7  ,  France 

Rushing,  William  c.  (Puerto  Rico) 

Tropical  Terrain  Research  Detachments 

U.S.  Army  Engineers  Waterways  Experiment  Station 

Ft.  il rooks,  P.O.  Box  3829 

San  Juan,  Puerto  Rico  00904 

Russell.  E.W.  (Kenya) 

East  African  Agriculture  6  Forestry  Research 
Organisation 
P.O.  Box  21 
Kikuyu,  Kenya 

Russell,  Richard  J.  (Humid  Tropics,  Central 
America,  West  Indies,  Oceania,  Indonesia) 
Department  of  Geography 
Louisiana  State  University 
Baton  Rouge.  Louisiana  70803 

Rutherford.  G-  K  (Australia,  New  Guinea,  Papua) 
Department  of  Geography 
Queen's  University 
Kingston.  Ontario,  Canada 

* 

Sa,  Shih-Hung  (Nationalist  China) 

Director,  Naval  Hydrographic  Office 
of  China 
T  so-Ymg 

Kaohsiung,  Taiwan,  Republic  of  China 

Saccas,  A.  (Central  African  Republic) 

Director.  Centre  de  recherches  agroncmiques 
de  Boukoko 

B  P  44 

Boukoko.  Central  African  Republic 


Sachet,  Mane -Helene  (Oceania) 
Pacific  Vegetation  Project 
c/o  National  Academy  of  Science* 
2101  Constitution  Avenue,  N.W. 
Washington,  D.  C.  20025 


Ssdler,  Jsmes  C.  Lt.  Col.  (Hswsti) 
Research  Affiliate 
Hawaiian  Institute  of  Geophysics 
University  of  Hawaii 
Ho.,o)ulu,  Hawaii  96822 

Saenx,  Jose  A.  (Panama) 

Technical  Director 
Direccion  de  Cartografta 
Ediftcio  El  Dia 
Apsrtado  S267 
Panama 

Saenz-Maroto.  A.  (Costa  Rica) 

Soils  Department 
Universtdad  de  Costa  Rica 
San  Jose,  Costa  Rica 

Sakao,  Toshttsugu  (Hawaii) 

Department  of  Civil  Engineering 
University  of  Hawaii 
Honolulu,  Hawaii  96822 

Salgado,  M.L.  M.  (Ceylon) 

Coconut  Research  Institute 
Band  rippuwa  Estate 
Lunuwila  2  Miles 
Ceylon 

Salgueviro.  Reynaldo  (Bolivia) 

Institute  Geofisico  Boliviano 
Cast! la  491 
La  Pax,  Bolivia 

Samamego,  Ramon  (Philippines) 

Bureau  of  Soils 
Manila,  Philippines 

Samiullah,  Mohammed  (Pakistan) 
Director,  Regional  Meteorological  Center 
Dewan  Bazar 

Chittagong,  East  Pakistan 

Samson,  J.A.  (Surinam) 

Agricultural  Experiment  Station 
P.O.  Box  160 
Paramaribo,  Surinam 

Sansom,  H.  W.  (Kenya) 

East  African  Meteorological  Office 
Nairobi,  Kenya 

Sanchez,  Jesus  C.;  (Venezuela) 

Jefe,  Seccion  de  Meteorologia 
Mimsterio  de  Agriculture 
Centro  Investigaciones  Agronomicas 
Maracay,  Venezuela 

Sandy,  I.  Made  (Indonesia) 

Geographical  Institute 
Ministry  of  Defense 
Djaian  Dr.  Wahidin  Satu  I/n 
Djakarta,  Indonesia 

Sangster.  R.  C  (Zanzibar) 

Chief  Conservator  of  Forests 
Department  of  Forestry 
Ministry  of  Lands  and  Surveys 
P  O  Box  426 
Dar  es  Salaam,  Tanzania 
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SANTAMARiA  -  SHI  ROMA 


Santamaria,  Lui*  (Cuba) 

Jete  de  Ctimatciogia 

Oficiu  de  Climatologla,  Observatorio 

Havana,  Cuba 

Santapau,  H.  (India) 

Botanical  Survey  o!  India 
14  Madan  Street 
Calcutta  13,  India 

Saod:,  Chuon  (Cambodia) 

Inspecteur  General  aupres  du  Ministere 
de  I'AgricuIture 
Phnom-Penh,  Cambodia 

Sauer,  C.O,  (South  America,  Mexico) 

Department  o{  Geography 
University  of  California 
Berkeley,  California  94720 

<rr,  W.  (Ecuador) 
lkfurter  Str.  138 
.  Nauheim,  West  Germany 

Siunrv,  Edmond  (South  Vietnam) 

Geology  Laboratory  Faculty  of  Science 
Saigon,  Vietnam 

Sautter,  G.  (Congo[f.j  ) 

Ecole  pratique  de*  haute  etude* 

2  rue  A.  Nomblot,  Bourg  -la-Reine 
Seine,  France 

Sayre,  A.  Nelson  (El  Salvador) 

Water  Resources  Division 
United  States  Geological  Survey 
Washington,  D.  C.  20025 

Schery,  Robert  Walter  (Panama) 

Better  Lawn  and  Turf  Institute 
Marysville,  Ohio  43040 

Schmid,  Maurice  (North  and  South  Vietnam) 

Mission  Franqaise  d'  Aide  Economique  et 
Technique  au  Vietnam 
1  Ben  Chuong  Cuong 
Saigon,  Vietnam 

Schcubert.  M.  (F rench  Guiana) 

Directeur  de  l'institut  franqais  d'Amerique  tropicale 
Cayenne,  French  Guiana 

Schultze,  Joachim  (Uganda) 

Gustav  Meyer  Str.  1-3 
Berlin-Dahlem 
West  Germany 

Schwartz,  A.  (Cuba) 

Geographical  Institute 
Adam  Mickiewicz  University  in  Poznan 
Fredry  10 
Poznan,  Poland 

Schwoerer,  P.  (Cameroon) 

Chef  de  Mission  de  Recherche*  Hydrogeologiques 
B.P.  30 

Garoua,  Cameroun 


Scott,  R.M.  (Papua) 

Pedologi  st 

Division  of  Land  Research  and  Regional 
Survey 

Commonwealth  Scientific  4>  Industrial 
Research  Organization 
P.O.  Bo*  109 

Canberra,  A.C.T.  Australia 


Scott,  W.  J.  (N.  Rhodesia) 

Senior  Hydrological  Engineer 
Hydrological  Branch 
Dept,  of  Water  Affairs 
Box  530 

Lusaka,  Zambia 

Seal,  J.  (Sarawak) 

Air  Traffic  Control  Officer 
Department  of  Civil  Aviation 
Jesselton,  Sabah 

Sellier,  J.  B.  (Gabon) 

Director,  Gabon  Section 
Centre  technique  forestier  tropical 
B.P.  149 
Libreville,  Gabon 

Shu,  Hsueh-Chuen  (Nationalist  China) 
Department  of  History  fc  Geography 
Taiwan  Normal  University 
Taipei,  T’!wan,  Republic  of  China 

Sbamsi,  F.  U.  (Pakistan) 

Department  of  Geogray  y 
University  of  Rajshahi 
Rajshahi,  East  Pakistan 

Shand,  LH.R.  (S.  Rhodesia) 

Chief  Hydrological  Engineer 
P.O.  Bo*  8132,  Causeway 
Salisbury,  Rhodesia 

Shaw,  G.  D.  (North  Rhodesia) 

Chief  Veterinary  Oflicer 
Central  Research  Station 
Department  of  Veterinary  Services 
P.  O.  Bo*  50 

Mazabuka  (Southern  Province),  Zambia 

Shaw,  H.  K.  A.  (Angola) 

Royal  Botanic  Gardens 
Kew,  Richmond 
Surey,  England 


Shen,  Chia-Ming  (Nationalist  China) 
Director,  Taiwan  Forestry  Bureau 
2  Sec.  1 

Hang  Chow  S,  Road 

Taipei,  Taiwan,  Republic  of  China 

Sherman,  G.D.  (Hawaii) 

Depa  ‘tment  of  Soil  Science 
University  of  Hawaii 
Honolulu,  Hawaii  96822 

Shiroma,  Michio  (Ryukyu  L  ) 
Ryukyuan  Weather  Bureau 
Naha,  Okinawa 
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SICK  -  SOMPHAVAN 


blc k,  Wolf-  Dl.ter  (Ecuador) 
Gcographi.cr.ct  In.titut 
Bertold.trai.c  33 

Freiburg  im  Breisgau,  »«|  Germ.r.y 

Sid* % ,  Thuli  (North  Borneo,  Sarawak) 
Malayan  Meteorological  Service 
Singapore 

Sigit,  Soetaryo  (Indonesia) 

Director,  Direktorat  Geologi  Indonesia 
Bandung,  Indonesia 


S illans,  Roger  (Central  African  Republic) 
Mu.ee  d'histoire  naturelle 
Paris  5  ,  France 

Silveira,  Joao  Dias  da  (Brazil) 
Departamento  de  Geograiia 
Faculdade  de  Filosofia  Ciencias  e  Letrae 
Umversid.de  de  Sao  Paulo 
Sao  Paulo,  S.  p. ,  Brazil 
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Sient-Ivany,  J.J.H.  (New  Guinea,  Papua) 
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Tejada,  Jose  A.  (Panama) 
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University  of  California.  Los  Angeles 
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Avenue  Mgr.  -  Vogt 
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Directeur  general 

Institut  pour  la  recherche  sc;entifiquc  en  Afrtque 
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I*  rue  Defacqz 
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van  Deusen*  Hobart  M.  (New  Guinea) 

Archbold  Collection#  and  Expeditions 
American  Museum  of  Natural  History 
New  York*  New  York  i0024 

van  Dongen,  Irene  S..  (Angola,  Mozambique) 

Department  of  Geography 
Denver  University 
Denver,  Colorado  80210 

van  Em  den*  J.H.  (Surinam) 

Department  van  Landbouw 
Vceteelt  en  Visserij 
Landbouw  prof  station 
Post  Bu*  160 
Paramaribo,  Surinam 

van  Hacrlem.  W.  (Ecuador) 

Standard  f  ruit  de  Ecuador 
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Guayaquil,  Ecuador 
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Centre  de  la  Meteorologir  tropicale  et  de  la 
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.Scholprnkade  f> 
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1 'Institute  des  pares  nationaux  du  Congo 
2!  rue  Montoyer 
Bruxelles,  Belgium 

Vasquez  Glumer,  Horacio  (Mexico) 
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Direccion  General  de  Geografia  y  Meleoroiogia 
Ave.  Observatorio  192 
Mexico  18,  D.F. 
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Institute  Geografico  Militar 
Calie  27  y 

Avenidu  Carlos  Antonio  Lopez 
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Vegas,  M.  (Peru) 

Jefe  dei  Depa riamento  de  Pesqueria 
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Vergara.  R.  (Colombia) 
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Vidal,  J.  (Cambodia,  Laosl^ 

lnstitut  cie  botanique,  facuite  dec.  -c-cnces 

Universite  du  Toujruse 

Toulouse,  France 

Vila  Dinares,  Pablo  (Cotomb's,  Venezuela! 

Av.  Humboldt,  ed.  MCtropol.  *P-  1(1  (Sabana  Grande) 
Caracas,  Venezuela 

Vilchez,  G.  (CosU  Rica) 

Jefe  de  Cartografia 

Institut  C-eogrsfico  do  C-osta  Rica 

Apartadc  2272 

San  Jose,  Costa  Rica 

Villa,  Isabella  L.  tMexicc) 

National  University  ot  Mexico 
Mexico,  D.F.,  Mexico 

V iliac  res,  Jorge  W.  (Fciador) 

Centro  de  Geogralfa  T  repical 
F.O.  Box  244 
Guayaquil,  Ecuador 

Vine,  H.  (Nigeria,  Africa) 

54  High  Street 
Burwell,  Cambs 
England 

Vitanagc.  P  h  (Ceylon) 

Head.  Sub -Department  of  Geology 
University  of  Ceylon 
Peradeniya.  Ceylon 


Vivo  Escota,  Jorge  A.  (Mexico) 

Dr.  Ave.  Country  Club  233 
Churubusco,  Mexico  21,  D.  F. 

Vogt.  J.  (Gabon) 

B.  P.  268 
Dakar,  Senegal 

Volker,  A.  (Humid  Tropics.Burtna) 

R  ijkswate  r  staat 
Komngskade  25 
The  Hague,  The  Netherlands 

Wadsworth,  Frank  (Puerto  Rico) 

U.S,  Forest  Servi<-e 

Tropical  Forest  Research  Center 

Rio  Piedras,  Puerto  Rico 

Wag.-er,  Philip  L,  (Costa  Rica.  Mexico) 
Department  of  Anthropology  fc  Geography 
University  of  California 
□avis,  California  95616 

Walker,  E.  H.  (Ryukyu  Islands) 

National  Arboretum 

United  States  Department  of  Agriculture 
Washington,  D. C,  20025 

Walker,  F.  S.  (Solomon  Islands) 

5,  Laos fiowr.  Rd. ,  Clifton 
Bristol  8 
United  Kingdom 


Walker,  H.  J.  (Mozambique) 
Department  of  Geography 
Louisiana  State  University 
Baton  Rouge,  Louisiana  7080) 

Wall,  J.R.D.  (Sarawak) 

Department  of  Agriculture 
Sarawak,  Malaysia 

Walters,  Maurice  (Ghana) 
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% 

DIRECTORY  OF  PRINCIPAL  DEPOSITORIES  OF  HUMID  i 

i 

•* 

TROPIC  ENVIRONMENTAL  MATERIALS  I 

$ 

< 

i. 

Sources  of  information  concerning  humid  tropic  environment**  5 

consist  of  literature,  maps,  aerial  photorraphy,  zoological  and  entomological  * 

specimen  collections,  herbaria,  soils  pronles,  and  other  like  items,  herein  \ 

termed  materials.  The  importance  of  locating  principal  depositories  of  such  5 

sources  is  as  significant  as  the  identification  of  the  sources  themselves.  \ 

As  no  firm  criteria  exist  to  aid  in  the  identification  of  "princi¬ 
pal  depositories,  "  the  list  contains: 

•  Depositories  widely  recognized  as  containing  humid 

tropic  environmental  materials  I 

* 

•  Libraries  with  voluminous  holdings  that  include  general 

area/topical  materials  • 

l 

£ 

•  Special  collections  that  are  smaller  in  volume  but  I 

specifically  oriented  toward  one  or  more  aspects  of  | 

humid  tropic  environments  ! 

1 

2 

•  Specimen  collections  which  are  highly  specialized  in  f 

contents  (e.  g. ,  local  weather  records,  rock  samples, 

radar  displays,  etc.)  ; 

l 

The  directory  contains  th;  names  and  addresses  of  identified 
principal  depositories  and  a  brief  description  of  their  pertinent  holdings.  The 
depositories  are  arranged  alphabetically  by  country  and  within  the  U.S.  A.  by 
state.  A  total  of  333  depositories  in  60  countries  and  23  states,  common¬ 
wealths  and  territories  of  the  U.  S.  are  included.  An  index  of  the  40  primary 
depositories  follows. 
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INDEX  OF  PRIMARY  DEPOSITORIES 

The  moat  important,  or  primary,  depositories  in  the 
accompanying  list  of  principal  depositories  .\re  indicated  by  an  asterisk. 

An  index  of  the  40  primary  depositories  folic  ws: 

Depository  Number  Page  Number 

Australia  -  -  -  —  ______  2.3  305 

Belgium  . . .  3.2  306 

3.5 

Brazil  - .  4.2  307 

4.  11 
4.  16 

Colombia  ___________  11.1  313 

Costa  Rica  ___________  14.2  316 

England  ___________  17.2  317 

17.10 
17.  18 

France  .  19.7  321 

India  .  25.  1  326 

25.5 
25.  14 

Japan  ___________  30.  1  331 

Kenya  - -  31.4  332 

Mexico  -  35.  3  336 

35.6 

Nigeria  40. 5  339 

Senegal  -  -  —  _______  49. 3  345 

USSR  -  59.3  350 

59.4 

59.5 

USA  -  60.  1.4  352 

60.  1.5 

60.3.5 
60.  3.7 
60.3.9 
60.3.  11 
60.3.12 
60.  3.  14 

60.6.6 
60.7.4 
i>0,  9.  1 
60.  10.  1 
60.  15.  1 
60.  15.7 
60.  19.  1 
60.  19.  3 
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1.0  ANGOLA 


1.1  Direc^ao  de  Agricuitura  e  Florestas 
Sec<jad  de  Botanica  e  Ecologia 

C.  P.  1233 
Luanda,  Angola 

6500  specimens,  flora  of  Africa  south  of  the  Sahara 
7000  volume  library 

1.2  Servi^os  de  Geologia  e  Minas 
C.  P.  1260 

Luanda,  Angola 

Geology;  mining 

9491  volumes,  55  periodicals 

1.  3  Servi^o  Meteorologico  de  Angola 
C.  P.  1228-C 
Luanda,  Angola 

Meteorology,  climatology 
2073  volumes,  298  periodicals 

2.0  AUSTRALIA 


2.1  Library 

Australian  National  University 
P.  O.  Box  4 
Canberra,  Australia 

General  collection  with  emphasis  on  Australia  and  Oceania 
280,  000  volumes 


% 


i 


5 

i 

9 


t 

5 
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2.2  Commonwealth  Bureau  of  Meteorology 
Box  1289  K,  GPO 
Melbourne,  Australia 

Weather  and  climatic  data  and  records  for  Australia  and 
New  Guinea 

*2.3  Commonwealth  Scientific  and  Industrial  Research  Organization 
(CSIRO) 

314  Albert  St. 

East  Melbourne,  C.2,  Victoria,  Austral.  r.. 

Library  -  40,  000  books,  21,  000  periodicals  (211,  000 
volumes).  500,  000  reprints  and  pamphlets  and  maps, 
manuscripts,  microfilm  and  photographs 
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2.0  AUSTRALIA  (contd) 


Herbarium  -  25,  000  specimens.  Specializes  in  Australian 
and  exotic  Gramineae  and  Leguminosae;  also  in  N.  Australian 
and  Papuan  flora.  Important  collections:  Carr,  collection  of 
New  Guinea  plants;  A.  H.  S.  Lucas,  Australian  algae 

2.4  National  Library  of  Australia 
Canberra,  Australia 

Australiana  Collection.  Important  map  collection. 

580,  000  volumes,  35,  000  pamphlets,  200,  000  ft  microfilm 

3.0  BELGIUM 


* 

3.1  Bibliotheque  repartitrice 

institut  national  pour  1*  etude  agronomique  du  Congo  (1NEAC) 

12-16  rue  aux  Laines 
Bruxelles,  Belgium 

24,  000  volumes,  600  periodicals 

* 

*3.2  Centre  scientifique  et  medical  de  1*  Universite  libre  de  Bruxelles 
en  Afrique  centrale  (CEMUBAC) 

87  avenue  Adolphe  Buyl 
Bruxelles  5,  Belgium 

Excellent  research  institute  and  depository  (including  maps) 
of  Central  Afxica 

3.3  Comite  Hydrographique  du  Bassin  Congolais 
25  avenue  Marnix 

Bruxelles,  Belgium 

3.4  Institut  de  medicine  tropicale  Prince  Ltfopold 
155,  rue  Nationale 

Anvers,  Belgium 

*3.5  Institut  national  pour  1'  ei^t,*>  agronomicue  du  Congo  (INEAC) 

1  rue  Defacqz 
Brussels  5,  Belgium 

80,  000  books,  3400  periodicals,  500  maps,  10,  000  photographs 
3. 6  Library 

Musee  royal  de  i'Afrique  centrale  (MRAC) 

13  cnausee  de  Louvain 
Tervuren,  Belgique 
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Specialized  holdings  in  geology,  zoology,  of  tropical  woods 
of  central  Africa 

30,  000  books,  3014  periodicals,  numerous  photographs 


3.  7  Jardin  botanique  de  1*  Etat 

236  rue  Royale 
Bruxelles  3,  Belgium 

General  herbarium,  herb,  of  Europe,  Belgium,  the  Congo, 
and  tropical  Africa.  Coll,  of  the  Congo,  Rwanda  and  Burundi. 
About  1,  600,  000  specimens 

a 

3.8  Laboratoire  de  uotanique  systematique  et  de  phytogeographie 
28  avenue  Heger 

Bruxelles  5,  Belgium 

Herbarium:  Europe  and  Congo,  chiefly  Katanga,  Argentina 
and  Indonesia;  100,  000  specimens 

3.9  Centre  de  la  Meteorologie  tropical  et  de  la  climatologie 
Institut  royal  meteorologie 

Avenue  Circulaire  3 

Uccle  -  Bruxelles,  18,  Belgium 

Specialized  library  holdings  on  Congo  basin 

4.0  BRAZIL 

4.1  Biblioteca  Central  da  Universidade  de  Sao  Paulo 
55  rua  Helvetia 
Sao  Paulo,  S.  P.  ,  Brazil 

15,  000  publications,  320  periodicals 

*4.2  Biblioteca  da  Ministerio  da  Agricultura 
Rio  de  Janeiro,  Brazil 

Library  controls  some  15  different  stations  and  collects 
works  on  Brazilian  agriculture,  soils,  rainfa'tl,  etc. 

210,  000  volumes 

4.  3  Biblioteca  do  Museu  Nacional 

Instituto  Nacional 
Quinta  da  Boa  Vista 
Rio  de  Janeiro,  Brazil 
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BRAZIL  (contd) 


350,  000  specimen  herbarium  plus  large  research  collection 
m  other  fields  of  the  natural  sciences.  Tropical 
phanerogamic  and  cryptogamic  flora,  mainly  Brazilian 
Library:  150,  000  volumes,  periodicals  (geology,  botany,  zoology) 

4.4  Centro  de  Pesquisas  Florcstais  e  Conserva^ae  da  Natureza 
Estrada  da  Vista  Clunesa,  741 
C.  P.  3545 

Rio  de  Janeiro,  Brazil 

Specialized  library  on  forestry,  ecology.  Herbarium 

4.  5  Directoria  de  Hidrografia  e  Navegacafo 
Mmisterio  da  Marinha 
Rio  de  Janeiro,  Brazil 

4.  b  Herbarium  Jradcanum 
C.  P.  5,  Lapa 
Rio  de  Janeiro,  Brazil 

Small  herbarium  -  25,  000  specimens 

Information  especially  on  the  flora  of  the  highlands  of  central 
Brazil 

4.  7  Conselho  Nacional  de  Geografia  do  Institute  Brasileiro  de 
Geografia  e  Estatistica  (CNGIBGE) 

Av.  Beira  Mar.  No.  43b 
Rio  de  Janeiro,  GB,  Brazil 

Library  40,  000  volumes,  emphasis  upon  Brazilian  geography 

4.8  Institute  de  Biologia  .Animal 
Universidade  Rural 
Km  47 

Rio  de  Janeiro,  Brazil 


4.9  Instituto  Agronomicc  do  Norte  (LAN) 

C.  P.  48 
/  / 

Belem,  Para,  Brazil 

Library:  18000  volumes,  emphasis  upon  soils  and  plants 
of  Amazonia.  Botanical  section  has  130,  000  herbarium, 
excellent  for  the  study  of  lower  Amazon  plants 
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4.10  Institute)  Geografico  e  Geologico 
Sao  Paulo,  S.  P.t  Brazil 

Collection  of  works  on  Brazilian  geology  and  geography 
50,  000  volumes,  18,  000  maps 

*4.11  Instituto  Historico  e  Geografico  Brasileiro 
Avenida  Augusto  Severo  8 
Rio  de  Janeiro,  Brazil 

A  collection  of  geograohical  and  historical  works  with 
special  emphasis  on  Brazil 
280,  000  volumes 

f  /  / 

4. 12  Instituto  Historico  e  Geografico  do  Para 
Belem,  Para,  Brazil 

Lower  Amazon  materials 

4.13  Instituto  Nacional  de  Pesquisas  da  Amazonia 
Rua  Guilherme  Moreira  102/112 

C.  P.  478 

Manaus,  Amazonas,  Brazil 

Number  of  specimens:  13,  018,  Amazonian  plants.  Library: 
5, 100  volumes 

4.14  Jardim  Botanico  do  Rio  de  Janeiro 
Rua  Jardim  Botanico,  1008  (Gavea) 

Rio  de  Janeiro,  Brazil 

The  outstanding  living  collection  of  tropical  plants  in  the 
new  world.  115,  000  specimen  herbarium  and  large 
botanical  library,  Brazilian  plants 

4. 15  Museu  Paraense  "Emilio  Goeldi" 

Av.  Independencia  364 

C.  P,  399 

Belem,  Para,  Brazil 

Maintains  a  collection  of  10,  000  ornithological  specimens. 
Herbarium:  Flora  of  the  Amazonian  region.  Important 
collections:  R.  Spruce,  E.  Ule,  Blanchet,  Glaziou, 
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J.  Heber,  A.  Ducke.  Half  of  collections  collected  prior 
to  1915  and  the  remainder  since  1955,  the  intervening 
years  of  1915-1955  marking  a  period  when  the  museum 
was  closed.  A  good  library,  25,  000  volumes,  especially 
rich  in  classical  works.  A  small  zoo. 

Number  of  specimens:  33,  500 

*4.  lo  Biblioteca  Nacional  do  Rio  de  Janeiro 
Avenida  Rio  Branco  219-239 
Rio  tie  Janeiro,  Brazil 

General  collection  with  special  collection  of  Braziliana, 
important  map  collection. 

1,  000,  000  volumes,  600,  000  MSS,  250,  000  engravings, 
650,  000  bound  periodicals 


4.17  Servi^o  de  Meteorologia 

Pra$a  15  de  Novembro  2,  5°  Andar 
Rio  de  Janeiro,  Brazil 

Collection  of  records,  repcrts  and  data  on  Brazilian 
weather  and  climate 


4.18  Universidade  de  Sao  Paulo 
Departamento  de  Zoolog ia 
Sao  Paulo,  Brazil 

Important  collection  of  Brazilian  fauna,  a  good  biological 
library  (40,  000  volumes) 


5.0  BURMA 


5.1  Burma  Meteorological  Department 
619  Merchant  Street 
Rangoon,  Burma 

Surface  and  upper  air  data;  climatological  maps 
Library:  1,  000  volumes 

Daily  weather  reports,  Trimonthly  and  monthly 
weather  data,  rainfall  records  (monthly);  daily  rainfall 
records,  pilot  balloon  data 


5.2  Land  Use  Bureau 

Department  of  the  Commissioner  for  Settlements  of  Land 
Records. 
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H.Q.,  Housing  Board  Buildings 
27th  Street 
Rangoon,  Burma 

Soil  Museum  (soil  profiles,  soil  L.  land  use  classification 
maps  and  survey  reports) 

5. 3  Library 

University  of  Rangoon 
University  Post  Office 
Rangoon,  Burma 

Good  collection  of  botanical,  geographical  and  zoological 
materials.  Map  library  of  Burmese  and  other  Asian  Map 

6.0  CAMEROON 

6.1  lnstitut  de  recherches  scientifiques  du  Cameroon 
B.P.  193 

Yaounde^  Cameroon 

Library  has  10,  000  books,  56  periodicals. 

Specializes  in  local  pedology,  hydrology,  nutrition  and 
medical  entomology 

6.2  Laboratoire  d'  entornologie 
lnstitut  Pasteur  du  Cameroun 
B.  P.  888 

Yaounde,  Cameroun 

Maintains  a  collection  of  insects  and  insect  vectors  of 
diseases  with  emphasis  on  Anopheles  mosquito 

6.3  Service  des  Eaux  et  Forets  du  earner oun 
Section  de  recherches  forestieres  (YA) 

B.  P.  194 

Yaounde,  Cameroun 

Herbarium  has  10,  000  specimens,  Cameroun  forest  flora 
Small  specialized  library 
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7.0  CANADA 


7.1  Geographical  Branch 

Department  of  Mines  and  Technical  Surveys 
Victoria  Memorial  Museum  Building 
601  Booth  Street 
Ottawa  4,  Ontario,  Canada 

An  outstanding  collection  of  geographical  materials  — 
including  tropics.  Good  collection  of  maps 

7.2  Library  McGill  University 
Montreal,  P.  Q.  Canada 

TheBarbados  research  station  maintained  by  McGill  and 
the  work  in  Montreal  is  developing  a  valuable  collection 
of  humid  tropical  material 


8.0  CEYLON 


i  1 


8.1  Forest  Department 
9  Kew  Road 
Colombo  2,  Ceylon 

Herbarium  and  data  on  Ceylon  forests 

8.  2  Royal  Botanical  Gardens 
Peradetuya,  Ceylon 

Herbarium  iiving  plant  collection  of  85,  000  specimens 
with  emphasis  on  Ceylon 

8.3  /.oological  Gar  dens 
Colombo,  Ceylon 

Maintains  a  large  collection  of  tropical  fauna 

9.0  CHINA,  PEOPLES  REPUBLIC  OF 

9.1  National  Library  o:  Peking 

Peking  7.  Peoples  Republic  of  China 

General  collection.  Good  collection  of  maps 
4,  400,  000  volumes 
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9.0  CHINA,  PEOPLES  REPUBLIC  OF  (contd) 


9.2  Institute  i or  Research  on  Tropical  Areas 
Kunming.;  Peoples  Republic  of  China 

Climatology,  Medical  Geography  and  Tropical  Research 
Staff  of  000 

9.  3  Shanghai  Library 

Shanghai,  Peoples  Republic  of  China 

General  collection 
3,  500,  000  volumes 

9.-!  jun  Yat  Sen  University  Library 

Canton,  Peoples  Republic  of  China 

Best  local  collection  on  South  China  with  large 
environmental  holdings 
1,  050,  000  volumes 

10.0  CHINA,  REPUBLIC  OF 

10.1  National  Taiwan  University 
Library 

Roosevelt  R.nac 

Taipei,  Taiwan,  Republic  of  China 

General  <:ollec‘ion,  Fu-Min  Geographical  Institute 

120,  oOO  specimens  worldwide,  mainly  ferns  and  seed  plant 

7i5,  000  volumes 

in.  2  Taiwan  Forestry  Research  Institute, 

Po-A  Road  Botanical  Garden 
Taipei,  Taiwan,  Republic  of  China 

Numbe"  of  specimens:  30,347 
Herbarium:  Taiwan 

11.0  COLOMBIA 

*11.1  Institute  Gcografico  dc  Colombia  '  Agustm  Codazzi1' 

Ciudad  Universuaria 
Carrera  13,  No.  48-51 
Bogota,  Colombia 
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11.0  COLOMBIA  (contd) 


Headquarters  for  geographic  information  on  Colombia 
and  also  of  large-scale  topographic  mapping  in 
collaboration  with  the  Inter- American  Geodetic  Survey. 

11 .2  Biblicteca 

Universidad  Nacional  de  Colombia 
Apartado  Postal  253? 

B og ota ,  C  olombia 

Collection  of  mammals,  birds,  fish,  and  insects  of 
Colombia.  100,  000  specimens  in  herbarium 

11.3  Facuitad  Nacional  de  Agronomia  e  Instituto  Forestal 
Universidad  Nacional  de  Colombia 

Apartado  Aereo  56ft 
Medellin,  Colombia 

Best  collection  of  botanical  and  agricultural  works  in 
Colombia  plus  good  local  herbarium  and  entomological 
collections. 

Specimens:  20,  000  herbarium:  Colombia,  Chiefly 
Antioquia;  parasitic  fungi 
11,  000  volumes 

11.4  Instituto  de  Ciencias  Naturales 
Universidad  Nacional  de  Colombia 
Apartado  Aereo  7495 

Bogota,  Colombia 

The  chief  national  Colombian  center  for  basic  research 
in  the  various  fields  of  natural  history.  Modern  institute 
building  houses  fine,  well-curated,  research  collections 
of  the  very  rich  Colombian  fauna  and  flora  as  well  as 
associated  library.  Collections  are  particularly  strong 
in  the  fields  of  botany  (vascular  plants),  ornithology, 
ichthyology,  herpetology,  and  mammalogy. 

11.5  Universidad  Nacional,  Facuitad  de  Agronomia  del  Valle 
Palmira,  Colombia 

23,  000  specimens 

Herbarium:  Territory  of  Colombia,  chiefly  state  of 
Valle  del  Cauca 
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12.0  CONGO  REPUBLIC 


12-1  Direction  das  mines  et  de  la  geologie 
Haut-Commissariat  de  la  Republique 
B.  P.  12 

Brazzaville,  Congo  Republic 

Geology,  mining  ,  chemistry 

500  volumes,  1000  brochures,  60  periodicals 

12.2  Bibliotheque  centrale 

Institut  d1  etudes  centre  africaines  (IEC) 

B.  P.  181 

Brazzaville,  Congo  Republic 

Pedology,  hydrology,  entomology  and  geography 
6,  500  volumes  and  brochures,  500  periodicals 

12.  3  Institut  d1  etudes  du  Congo 

Brazzaville,  Congo  Republic 

Herbarium  with  9000  specimens 


13.0  CONGO,  REPUBLIC  OF 


Bibliotheque  centrale  en  Afrique 

Institut  National  pour  l1  e  ude  agronomique  du  Congo 
(1NEAC) 

Yangambi,  Province  Orientale,  Republic  of  Congo 

17,000  volumes  and  brochures,  806  periodicals, 

100,  000  specimens  in  herbarium  of  Congo  U  Ruanda -Urandii 

Bibliotheque  centrale 

Service  Geologique  du  government  central  de  la  Republique 
democratique  du  Congo 
44,  Avenue  des  Avileries 
B.  P.  898 

Kinshasa  1,  Republic  of  Congo 

Geology,  geological  maps,  mineralogy,  and  related 
sciences 

7000  volumes,  600  periodicals,  769  geological  maps 
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13.0  CONGO,  REPUBLIC  OF  (contd) 

13.  3  Bibliotbeque  publique 
26  Avenue  vau  Gile 
B.  P.  410 

Kinshasa,  Republic  of  Congo 
2b,  000  volumes 

13.4  Institut  pour  la  recherche  scientifique 
en  Afrique  Cent.rale  (IRSAC) 

Kinshasa,  Republic  of  Congo 

Maintains  specimen  collections  of  birds,  mammals  and 
fish  of  Central  Africa 

13.  5  Institut  oour  la  recherche  scientifique 
en  Afrique  centrale  (IRSAC) 

Bibliotheque  centrale 

Centre  de  L.wiro 

Depeche  Speciale 

Bukavu,  Kivu,  Republic  of  Congo 

33,  000  volumes,  2800  periodicals,  100  microcopies 
Separate  map  and  photo  department 

13.  6  Service  Meteorologique  du  Congo 
Kinshasa,  Republic  of  Congo 

Physical  sciences  including  meteorology 

1200  volumes,  2000  brochures,  60  periodicals 

Records  and  data  of  surface  and  upper  air  observations. 

14.0  COSTARICA 


14.1  Bibiioteca  Nacional 

Calle  5,  Averidas  1/3 
San  Jose,  Costa  Rica 

100,  COO  volumes 

*14.2  Instituto  Interamericano  de  Ciencias  Agricolas  (IICA)  de  la  OEA 
Tropical  Research  and  Graduate  Training  Center 
Turrialba,  Costa  Rica 

Institute  does  research  and  publishes  material  on 
tropical  agriculture.  Has  one  of  the  best  forestry, 
agricultural  and  related  sciences  libraries  in  Latm 
America. 

17,  000  books,  1200  current  periodicals,  180  theses, 
and  60,  000  pamphlets 

14.  3  Museo  Nacional 
Apartado  749 
San  Jose,  Costa  Rica 
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14.0  COSTA  RICA  (contd) 
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Herbarium  with  about  34,  320  specimens 


15.0  CUBA 

15.1  Biblicceca  General  de  la  Universidad  de  la  Habana 
Habana,  Cuba 

iOO,  000  volumes 

15.2  "Herbario  de  La  Sal.  e",  Colegio  de  La  Salle 
Calle  13  n.  608 

Vedado,  Habana,  Cuba 

50,  000  specimens 
Herbarium:  Cuba  i  nd  Antilles 


16.0  ECUADOR 


16.1  Biblioteca  "Hispano  Ameri:ana" 

Apartado  Postal  133 

Cuenca,  Ecuador 

25,  000  volumes 

16.2  Institute  Ecu.,  toriano  de  Ciencias  Naturales 
Apartado  408 

Quito,  Ecuador 

A  bibliographic  source  of  all  sorts  of  generalized 
scientific  information  about  the  natural  history  of  Ecuador. 
Zoological  museum  has  specimen  collections  of  Ecuadorian 
fauna. 


17.0  ENGLAND 

17.1  Bodleian  Library 
Oxford  University 
Oxford,  England 

General  book  collection  and  important  map  collection 
2,  250,  000  volumes 
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17.0  ENGLAND  tontc!) 


*17.2  British  Museum  Library 
Great  Russell  Street 
Bloomsbury,  London,  W.C.l,  England 

General  book  collection  and  important  map  collection 
6,  000,  000  volumes 


17.  3  British  Museum  -  Natural  History 
Botanical  Department 
Cromwell  Road 
London,  S.  W.l,  England 

Herbarium,  Library 

17.4  Bureau  of  Hygiene  and  Tropical  Diseases  Library 
Keppel  Street,  Gower  Street 
London  W.C.l,  England 

Collection  of  information  on  tropical  diseases 
42,  000  volumes 


17.5  Cambridge  University  Library 
Cambridge,  England 

General  book  collection  and  important  map  collection 
2,  000,  000  volumes.  Tropical  emphasis  on  Ceylon, 
Nigeria  and  Peru. 

17.0  CCTA/CS A  Publications  Bureau 

Watergate  House,  York  Buildings 
London,  W.C.2,  England 

A  collection  of  specialized  reports  oil  conferences  on 
Africa  south  of  the  Sahara.  Limited  number,  but  useful 
for  learning  wha>  is  going  on,  names  and  addresses  of 
"authorities*'  and  bibliographical  lists.  Well  worth  a  visit 
by  research  workers,  although  hardly  a  document  center 
of  the  size  of  primary  depositories. 

17.  7  Commonwealth  Bureau  of  Soils 

Rothamsted  Experimental  Station 
Harpenden,  Herts,  England 

Clearing  house  for  worldwide  information  on  soils 
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17.0  ENGLAND  (contd) 


17.8  Commonwealth  Forestry  Institute 

Oxford  University,  Department  of  Forestry 
South  Parks  Road 
Oxford,  England 

Extensive  library,  map  collection  and  herbarium  of 
110,  000  specimens,  mostly  woody,  mainly  from  tropical 
parts  of  British  Commonwealth.  Attempts  world  coverage 
in  forestry.  Maintains  world  bibliography  of  forests. 

17.9  Commonwealth  Mycological  Institute  (CMI) 

Ferry  Lane 

Kew,  Richmond,  Surrey 

Herbarium:  93,  500  specimens,  mainly  Commonwealth  micro- 
fungi. 

Library 

*17.  10  Directorate  of  Overseas  Surveys 
Kingston  Road 

Tolworth,  Surbiton,  Surrey,  England 

Major  holding  agency  for  mapping  former  British  colonies 

17.11  India  Office  Library 

Commonwealth  Relations  Office 
King  Charles  Street 
London,  England 

A  collection  of  writings  on  India,  government  reports, 
historical  documents,  records,  etc. 

290,  000  volumes  and  MSS 

17.12  Liverpool  Museum,  City  of 
William  Brown  Street 
Liverpool,  England 

170,  000  specimens,  worldwide  herbarium 
Important  collections:  Indian  collections  of  John 
Forbes  Royal  and  others 


17.13  Liverpool  School  of  Tropical  Medicine  Library 
Pembroke  Place 

Liverpool,  England 

Emphasis  on  tropical  medicine,  diseases  and  prevention 
14,  000  volumes 

17.14  Meteorological  Office 
London  Road 

Bracknell,  Berkshire,  England 
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17.0  ENGLAND  (contd) 


17.15 


17.16 


17. 17 


*17.18 


17.19 


17.20 


Research  and  published  meteorological  data  on  the 
humid  tropics 

National  Central  Library 
Malet  Place 
London,  England 

Through  a  system  of  interlibrary  loans  this  library  has 
swift  access  to  20,  000,  000  volumes.  A  general  collection 

Royal  Asiatic  Society  Library 
56  Queen  Anne  Street 
London,  England 

Library's  holdings  deal  with  Asian  geography  and  related 
topics 

78,  000  volumes 

Royal  Botanic  Gardens 
Kew,  Richmond, 

Surrey,  England 

Herbarium,  library,  living  plant  collection 
Tropical  Africa,  Asia  and  Australia 

Royal  Geographical  Society  Library 
Kensington  Gore  S.  W.  7 
London,  England 

The  society  also  maintains  a  superior  map  collection. 

Its  library  is  geographic  in  nature,  worldwide  in  scope. 
100,  000  volumes 

Tropical  Division 
Building  Research  Station 
Garston,  Watford,  Herts,  England 

Maintains  information  on  such  subjects  as  thermal 
discomfort,  painting,  building,  housing  and  planning 
matters  m  the  tropics. 

Tropical  Products  Institute 

Departmeit  of  Scientific  and  Industrial  Research 
56-62  Gray's  Inn  Road 
London,  W.C.l,  England 
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17.0  ENGLAND  (contd) 


A  collection  of  information  on  tropical  plant  and  animal 
products 

17.21  Tropical  Section,  Road  Research  Laboratory 
Harmondsworth,  West  Drayton 
Middlesex,  England 

Maintains  information  on  road  building  and  maintenance 
in  the  tropics 

17.22  School  of  Oriental  and  African  Studies  Library 
University  of  London 

London,  England 

A  collection  of  volumes  with  emphasis  on  African  and 
Asian  subjects  and  of  a  general  topical  scope 
230,  000  volumes 


18.0  FIJI 


British  Council  Library 
Fiji  Trading  Company  Building 
Suva,  Fiji 

10,  000  volumes 

Fiji  Department  of  Agriculture 
Suva,  Fiji 

Herbarium  -  number  of  specimens  about  30,  000, 
flora  of  Fiji,  particularly  plants  of  economic  importance. 
Small  collection  of  locally  harmful  and  beneficial  insects 
is  maintained. 


19.0  FRANCE 


Bibliotheque  de  la  Faculte  des  lettres  et  de  la  Faculte 
des  sciences 
17  rue  de  la  Sorbonne 
Paris,  France 

General  collection,  museum 
1,  500,  000  volumes 


19.2  Bibliotheque  de  l'lnstitut  de  geographie 
191  rue  Saint  Jacques 
Paris  5e,  France 
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19.0  FRANCE  (contd) 


Collection  of  general  geographic  works,  important  map 
collection 

86,  000  books  and  maps 

19.  3  Bibliotheque  nationale 
58  rue  de  Richelieu 
Paris  2me,  France 

General  collection  with  some  specialized  holdings  on 
present  and  past  French  colonies,  important  map  collection 
6000  volumes 

19.4  Centre  documentaire  pour  1'oceanie 
293  Avenue  Daumesnil 
Paris  12,  France 

Library  (microfilms,  collection  of  unpublished  material 
of  explorers  and  missionaries) 

19.  5  Laboratoire  de  botanique  tropicale 
Avon  (Seine -et-marne) 

F  ranee 

Number  of  specimens:  20,  000 

Herbarium:  West  Africa,  Brazil,  Guyana,  Indochina 
Important  collections:  R.  Schnell 

19.6  Museum  national  d'  histoire  naturelle 
57  rue  Cuvier 
Paris  5e,  France 

Large  herbarium  and  library 

500,  000  volumes  and  5,  000,  000  specimens  especially 
from  Madagascar,  Tropical  Africa,  Indo-China,  Oceania, 
French  Antilles,  French  Guiana 

*19.7  Office  de  la  recherche  scientifique  et  technique  d'outre-mer 
(ORSTOM) 

24  rue  Bayard 
Paris  8e,  F ranee 


322 


19.0  FRANCE  (contd) 


i 


Documentation,  research  and  carlo  j  phic  center  for 

overseas  investigations  with  a  useful  central  library  of 

published  and  unpublished  material.  For  France  outre -mer 

see  also  French  Guiana  and  New  Caledonia.  : 

20.0  GAMBIA 

British  Council  Library 
Clifton  Road 
Bathurst,  Gambia 

15,  000  volumes 

21.0  GERMANY,  FEDERAL  REPUBLIC  OF  (WEST) 

21.1  Deutscher  Wetterdiensl 

Seewetteramt  s 

Bernhard-Nocht-Strasse  76 
2  Hamburg  4,  Germany 

Punch  card  archives  with  data  from  1951  for  about  140 
stations  in  tropics 

21.2  Geographischer  Institut 
Justus  -Liebisi-Uaiversitat  Giessen 
Ludwig strasse  28 
Giessen  (Hesse),  Germany 

Library  is  excellent  on  West  Africa  and  specializes  in 
air  photos  and  maps 

21.  3  Hydrobiologische  Anstalt  der  Max-Planck- 
Gesselschaft  2,  F.d.  W.  (HAMPG) 

August  Thienemann-Str.  2 
Postfach  89 

Plon  (Holstein),  Germany 

Lil  rary:  17,  000  volumes,  40,  000  reprints,  300  periodicals 
Primary  area  of  emphasis  is  Amazonia 


21.0  GERMANY,  FEDERAL  REPUBLIC  OF  (WEST)  (contd) 


21.4  Ibero-Amerikanische  Bibliothek 
Gartnerstrasse  25-32 
Berlin-Lankwitz,  Germany 

Library:  325,  000  volumes 

21.  5  Institut  fur  Geographic  und  Wirtschaftsgeographie 
Universitat  Hamburg 
Rothtnbaumchausse  21/23 
2000  Hamburg  13,  Germany 

Library:  60,  000  volumes 


21.  6  Landwirtschaftliche  Hochschule  Hohenheim 
Stuttgart  -  Hohenheim,  Germany 

Centre  for  research  in  tropical  agriculture  and  ecology. 
Small,  but  specialized  library  holdings 

21.  7  Lehrstuhl  fur  Welforstwirtschaft 
2057  Reinkek, 

Bezirk,  Hamburg,  Schloss,  Germany 

Centre  for  research  on  world  forestry.  Strong  tropical 
section 

Library:  33,  000  volumes,  348  current  periodicals.  Inter¬ 
national  documentation  center.  Collection  of  15,  000  wood 
samples 

21.8  Rheinische  Friedrich- Wilhelm-Universitat  Bonn 
Geographisches  Institut 
Meteorologisches  Institut 
Franziskanerstrasse  2 
53  Bonn,  Germany 

Geographic  institute  has  an  excellent  library  of  50,  000 
volumes,  air  photo  and  map  collection  with  the  emphasis 
upon  Tropical  Highlands  of  Latin  America,  East  Africa 
and  Southern  Asia.  Meteorological  library  with  strong 
tropical  holdings 
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21.0  GERMANY,  FEDERAL  REPUBLIC  OF  (WEST)  (contd)  ! 


21.9  Staatsinstitut  fur  allgemeine  Botanik  und  Botanischer  Garten 
Jungiusstrasse  5, 

Hamburg  36,  Germany 

About  700,  000  worldwide  specimens 

Important  collections  are  Ule  (Brazil),  Hans  Winkler 

(Borneo) 

22.0  GHANA 


22. 1  Balme  Library 

University  of  Ghana 
Legon-Accra,  Ghana 

After  Ibadan,  this  is  probably  the  best  center  for 
documentation  and  research  in  former  British  West  Africa. 
50,  000  specimens;  angiosperms,  pteridophytes,  algae 
and  fungi  of  Ghana,  the  Camerooas  and  other  regions  of 
West  Africa 

180,  000  books,  3500  periodicals 


22.  2  Geological  Survey 
P.  O.  Box  98 
Saltpond,  Ghana 

Geology  and  Geophysics 

6000  volumes  and  pamphlets,  20  periodicals 

22.  3  Soil  and  Land-Use  Survey  Department 
Private  Mail  Bag 
Kumasi,  Ghana 

Soil  science  and  general  agronomy;  chemistry;  geology 
and  geomorphology;  botany  and  plant  ecology;  climatology; 
hydrology;  geography 

600  volumes,  1000  pamphlets,  50  periodicals 

22.4  University  College  of  Ghana 
Achimota,  Ghana 
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22.0  GHANA  (contd) 


Agriculture,  archaeology;  botany;  chemistry;  classics; 
economics;  education;  geography;  geology;  history; 
mathematics;  philosophy;  physics;  zoology 
70,  000  volumes  and  pamphlets,  1500  periodicals 

22.5  University  of  Science  and  Technology 
Library 
Kumasi,  Ghana 

24,  000  volumes 

23.0  GUATEMALA 


Biblioteca  Nacional 
8a  Call?  y  5a  Ave. 
Zona  i 

Guatemala,  Guatemala 
80,  0C0  volumes 


24.0  HONDURAS 


Escueia  Agrrcola  Panamericana 
Agricultural  School 
Zamorano  Valley 
Tegucigalpa,  Honduras 

Has  the  finest  botanical  library  and  herbarium  in  Central 
America,  A  botanical  research  center.  School  possessc 
good  library,  has  staff  of  research  botanists,  herbarium 
and  other  facilities.  90,  000  specimens,  tropical  and 
subtropical  flora. 


25. C  INDIA 

*25.1  Botanical  Survey  of  India 
Museum  House 
27  Cbowringee 
Calcutta,  India 

Library  and  herbarium,  1,  000,  000  specimens 
Other  botanical  survey  of  India 


25.0  INDIA  (contd) 
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Herbaria  and  centers  at: 

Coimbatore:  125,  00^  specimens 
Poona:  85,  000  specimens  (Western  India) 

Shillong:  70,130  specimens  (Eastern  India) 

25.2  Commonwealth  Institute  of  Biological  Control 
Indian  Station,  Bellary  Road 

P.  O.  Box  1503 
Bangalore  6,  India 

Maintains  large  specimen  collection  and  participates  in 
specimen  exchanges  with  many  different  institutions. 
Botanical  survey  of  India 

25.3  Forest  Research  Institute 
New  Forest  Post  Office 
Dehra  Dun,  India 

In  its  three  branches  it  maintains  a  large  collection  of 
forest  insects  and  pests.  More  than  300,  000  specimens, 
of  India,  Pakistan  and  Burma 

Library:  20,  000  volumes,  4,  000  periodicals,  20,  000 
pamphlets 


25.4  Indian  Agricultural  Research  Institute 
Division  of  Entomology 
New  Delhi,  India 

Collection  consists  of  more  than  120,  000  specimens 
belonging  to  various  orders  of  the  Class  Insecta.  Division 
of  botany,  number  of  specimens:  5500 

*25.  5  Indian  National  Scientific  Documentation  Center  (INSDOC) 
c/o  National  Physical  Laboratory  of  India 
Hillside  Road 
New  Delhi  12,  India 

A  leading  research  center,  long -established  with  a  good 
tradition  for  scientific  work  in  tropical  conditions 

25.  6  International  Commission  on  Irrigation  and  Drainage 
Central  Office,  184  Golf  Links  Area 
New  Delhi  3,  India 


25.0  INDIA  (contd) 


Commission  maintains  a  technical  library  on  irrigation 
and  drainage  and  acts  as  center  for  answering  questions 
on  irrigation  and  drainage  problems. 

25.7  Jute  Agriculture  Research  Institute  (JARI) 

Barrackpore 
West  Bengal,  India 

Collection  of  insects  which  are  damaging  to  jute  and 
other  fibre  crops.  Library:  4,  200  volumes;  115  periodicals 


25.  8  Malaria  Institute  of  India 

22  Alipore  Road,  Civil  Lines 
Delhi,  India 

A  large  collection  of  disease -bearing  and  parasitic 
insects.  Large  reference  library  in  entomology 


25. 9  Meteorological  Office,  Poona 
Government  of  India 
Ganeshkind  Road 
Poona- 5  India 

Library:  50,  000  volumes,  variety  of  periodicals. 
Collection  of  climatological  data.  Institute  of 
Tropical  Meteorology  (ITM)  is  also  located  here. 


25. 10  National  Atlas  Organization 

1,  Acharya  Jagadish  Bose  Road 
3rd  Floor 
Calcutta  20,  India 

Library:  5,  000  volumes,  80  periodicals 
Collection  of  over  18,  000  maps  and  atlases 


25  11  National  Library 
Belvedere 
Calcutta  27,  India 

General  collection  with  emphasis  on  India,  important 
map  collection 
1,  030,  000  volumes 
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25.0  INDIA  (contd) 


25.12  International  Society  for  Trop-cal  Ecology 
Botany  Department 

Banares  Hindu  University 
Varanasi  5,  India 

Angiosperm  collections 

25. 13  Sugarcane  Research  Institute 
Pusa  PO 

District  Darbhanga 
Bihar,  India 

Collection  of  insect  pests  and  parasites  harmful  to 
sugarcane.  Library:  2,  000  volumes,  journals  and 
periodicals 

*25. 14  Zoological  Survey  of  India 
3-*  Chittaranjan  Avenue 
Calcutta  12,  India 

A  collection  of  over  625  000  zoological  specimens  is 
maintained.  30,  000  volumes.  Library  is  one  of  the 
first  zoological  collections  in  Asia 

26.0  INDONESIA 

26. 1  Bibliotheca  Bogoriensis 
Djalan  Raya  20 
Bogor,  Indonesia 

150,  000  volumes 

26.2  Bogor  Botanical  Gardens  (Lembaga  Hortus  Botanicus  Bogoriensis) 
Bogor,  Indonesia 

Large  nerbarium,  good  library.  Complete  taxonomic  and 
floristic  inventory  of  plants  in  Indonesia  with  attention  to 
adjacent  countries. 

26.  3  Bogor  Zoological  Museum 
Bogor,  Indonesia 

A  large  specimen  collection  is  maintained. 

The  collected  specimens  are  mainly  from  the  Indonesia  i 
Archipelago,  large  herbarium,  1,  000,  000  specimens 


26.0  INDONESIA (contd) 


26.4 


Library 

Central  Research  Institute  for  Forestry 
P.  O.  Box  606 
Bogor,  Indonesia 


52,  000  volumes  and  45,  000  specimens  on  tree  species 
Indonesia 


26.5  Library  of  the  Geological  Survey 
Djalan  Oisponego  57 
Bandung,  Indonesia 

40,  000  volumes 

26.  6  Meteorological  &  Geophysical  Institute  (Lembaga  Meteorologi 
dan  geofisik) 

Tjalan  Gereda  Inggris  3 
Djakarta,  Indonesia 

Large  Library,  Records  &  data  on  rainfall,  sunshine, 
climatic  variations  in  Indonesia 


27.0  ITALY 

27.1  Biblioteca  Nazionaie  Centrale 
Piazza  de  Cavalleggeri  LA 
Florence,  Italy 

General  book  collection  and  important  map  collection. 
4,  000,  000  volumes 

27.2  Instituto  Agronomico  per  l'oltremare 
Via  Cocci  4 

Firenze,  Italy 

Concerned  with  agriculture  in  tropical  and  subtropical 
countries.  Since  W.  W.  II  its  major  activities  relate 
to  Africa  in  general,  Latin  America,  the  middle  and 
near  east. 

40,  000  books,  720  periodicals,  23,  000  miscellaneous 
documents,  2300  maps,  60,  000  photographs  (52,  000 
negatives).  Tropical  plant  index,  museum  of  tropical 
products. 
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28.0  IVORY  COAST 


28.1  Centre  des  sciences  de  la  nature 
Abidjan.-  Ivory  Coast 

A  good  center,  formerly  attached  to  IFAN  (Dakar)  and  with 
close  connections  with  the  nearby  agricultural  and  forest 
research  station  run  by  ORSTOM  (see  27.2). 

Number  of  specimens:  4500 
Herbarium:  West  Africa 

28.2  Institut  d1  etudes  et  de  recherches  tropicale  (IDERT- ORSTOM)) 
B.P.  20 

Abidjan,  (Station  d*  Adiopodonme),  Ivory  Coast 

Specialized  library  (2,  500  volumes)  on  tropical  regions, 
entomology,  pedology,  geology  and  hydrology 


! 


29.0  JAMAICA 

29. 1  Royal  Botanical  Gardens 
Hope,  Kingston,  Jamaica,  BW1 

Aboretum  of  tropical  plants,  Elizabethtown 

29. 2  Library 
Institute  of  Jamaica 
Science  Museum 
Kingston,  Jamaica,  BW1 

Library,  herbarium 

50,  000  volumes,  55,  000  specimens  from  the  Caribbean 


30.0  JAPAN 


*30.1  Tokyo  University  Library 
Motofujicho,  Bunkyo-ku 
Tokyo,  J=ipan 

General  collection;  broad  emphasis  on  Southeast  Asia 
Herbarium  of  the  Botanic  Gardens,  horticultural  and  alpine 
plants,  10,  000 
2,  660,  000  volumes 
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30.0  JAPAN  (contd) 


30.  2  Center  for  Southeast  Asian  Studies 
Department  of  Geography 
Rikkyo  University 
Toshima-ku 
Tokyo,  Japan 

Small,  but  specialized  library  on  Southeast  Asia 


31.0  KENYA 

31.1  Coryndon  Memorial  Museum 
Nairobi,  Kenya 

Maintains  large  specimen  collections  of  mammals,  birds, 
reptiles,  fish  and  amphibians  and  insects.  (The  East 
African  Herbarium,  incorporating  The  Arrani  Herbarium 
of  the  East  African  Agriculture  and  Forestry  Research 
Organization  and  the  Coryndon  Memorial  Museum) 
Specimens:  Mainly  Uganda,  Kenya,  Tanganyika, 

Zanzibar,  Northern  Rhodesia  and  Nyasaland. 

31.  2  East  African  Literature  Bureau  Library 
P.  O.  Box  30022 
Nairobi,  Kenya 

Comprehensive  collection  on  East  Africa 
40,  000  volumes 

31.3  East  African  Agriculture,  Forestry,  and  Veterinary  (EAAFRO 
8i  EAVRO)  Research  Organizations 
Library 
P.  O.  Box  21 
Muguga,  Kikuyu,  Kenya 

Collection  of  51,  000  specimens  mostly  insect  pests  and 
plant  parasites.  Large  library  contains  information  on 
agriculture,  forestry,  botany,  soil  science,  ecology- 
Africana 

*31.4  East  African  Meteorological  Department  (EAMD) 

P.  O.  Box  30259 
Nairobi,  Kenya 


31.0  KENYA  (contd) 
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Meteorology;  climatology;  geophysics 

3000  volumes,  20,  000  pamphlets,  66  periodicals 

31.5  Grasslands  Research  Station 
Department  of  Agriculture 
P.O.  Box  450 
Kitale,  Kenya 

Herbarium  collection  of  pressed  specimens  of  East  African 
grasses 

32.0  MALAGASY  REPUBLIC  (MADAGASCAR) 

Institut  de  la  r  echerche  scientifique  de  Madagascar 
B.P.  434 

Tananarive,  Malagasy  Republic 
Soil,  fauna,  flora,  hydrology 

Specialized  library:  1,  000  volumes,  420  periodicals 
About  50,  000  specimens.  Herbarium:  Madagascar, 
the  Comores,  the  Mascarenes 

Plan  geologique  de  Madagascar 
B.P.  322 

Tananarive,  Malagasy  Republic 
Geology,  geologic  maps 

2000  volumes,  10,  000  brochures,  150  periodicals 

Service  Meteorologique 
B.P.  1254 

Tananarive,  Malagasy  Republic 

Local  weather  and  climatic  data,  records  and  reports 

33.0  MALAYSIA  (Including  SINGAPORE) 

33. 1  Department  of  Agriculture 
Government  of  Malaya 
Kuala  Lumpur,  Malaya 

Maintains  a  collection  of  Malayan  insect  specimens. 
Herbarium  and  mycological  collections 


32.1 


32.2 


32.3 


"GfrjUh.. 


33.0  MALAYSIA  (Including  SINGAPORE)  (contd) 


33.2  Malayan  Forest  Research  institute  (FR1) 

Kepong,  Selangor,  Malaya 

Number  of  specimens:  over  65,  000  sheets. 

Herbarium:  Trees  of  Malaya,  Borneo,  Sarawak,  Brunei 
Library:  4,  000  volumes.  3,  000  bark  and  timber  specimens 

33.  3  Library  of  the  University  of  Malaya  in  Kuala  Lumpur 
Puatri  Valley 
Kuala  Lumpur,  Malaya 

Centre  for  tropical  research  (botany,  zoology) 

56,  000  volumes 

33.4  Malayan  Meteorological  Service 
Fuller  Building 
P.O.  B  •%  715 
Singapore  1, 

Data  and  records  of  surface  and  upper  air  observations 

33.  5  National  Library 
Stamford  Road 
Singapore  6 

170,  000  volumes 

33.  6  Rubber  Research  Institute  of  Malaya  (RRIM) 

P.  O.  Box  150  , 

Third  Mile  Ampang  Road 
Kuala  Lumpur,  Selangor 

Characteristics  of  holdings:  Agricultural  aspects  of 
natural  rubber,  cover  crops,  soil  surveys,  plant 
diseases,  etc. 

15,  000  books,  450  current  periodicals,  350  noncurrent 
periodicals,  300  maps,  200  microcopies 

33.  7  Singapore  Botanical  Gardens  Herbarium 
Singapore  10 

About  400,  000  specimens 

Largest  herbarium  of  Malayan  plants,  living  plant 
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33.0  MALAYSIA  (Including  SINGAPORE)  (contd) 


collections.  Malaysian  Islands  and  Malaysia, 

Philippines  and  New  Guinea 

Library:  8,  000  volumes,  230  current  periodicals 

33.3  University  of  Singapore 
Bukit  Timah  Road 
Singapore  10 

A  long-established  center  (formerly  Raffles  Golie^e)  with 
a  good  reference  library.  Medical  school  has  developed 
much  material  on  bioclimatology  of  the  tropics. 

300,  000  books,  3000  periodicals,  11,  00C  microcopies 
Department  of  Geography  produces  "The  Journal  of 
Tropical  Geography". 

33.  9  Sarawak  Museum 

Kuching,  Sarawak,  Malaysia 

About  25,  000  specimens 
Herbarium:  Borneo 

Library:  mainly  reference,  specializes  on  Borneo 

33.10  Forest  Department 
Box  311 

Sandakan,  Sabah  (North  Borneo),  Malaysia 
12,  000  specimens 

Herbarium:  Flora  of  North  Borneo  with  special  emphasis 
on  the  Dipterocarpaceas 

33. 11  Geological  Survey  Department 
Box  211 

Jesselton,  North  Borneo,  Malay  Station 

Technical  library,  airphoto  collection.  Topographic 
Geologic  and  hydrologic  map  collection 

34.0  MARTINIQUE 

Bibiiotncque  Schroeicher 
Fort-de-France,  Martinique 
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35.0  MEXiCO 

35. 1  Biblioteca  Nacional 
Republics  del  Salvador  70 
Mexico  City,  Mexico 

General  collection  with  emphasis  on  Mexico. 

Ill,  953  MSS,  500,  000  volumes 

35.2  instituto  Meadcano  de  Recursos  Naturales  Renovables  (1MRNR) 
Dr.  Vertiz  724 

Mexico  19  D.  F. 

Library  specialized  in  natural  resources  of  Mexico;  6,  000 
volumes,  30,  000  pamphlets,  120  current  periodicals 

*35.  3  Biblioteca 

Instituto  Panamericano  de  Geograffa  e  Historia  (IPGH) 
Ex-Arzobispado  29 
Mexico  18,  D.  F. 

The  library  at  PAIGH  headquarters  now  contains  more 
than  100,000  books,  periodicals,  documents,  maps, 
atlases  and  catalogs  pertaining  to  the  Americas,  and  the 
collections  are  growing  at  the  rate  of  12,000  -  14,000 
items  per  year.  It  constitutes  the  most  comprehensive 
and  best  organized  collection,  in  Latin  America,  of 
works  pertaining  to  the  cartography,  geography  and  history 
of  that  area. 

35. 4  Biblioteca 

Inter -American  Association  of  Sanitary  Engineering 
Alfonse  Herrera  11-103 
Mexico  4,  D.F.,  Mexico 

Emphasis  on  problems  of  sanitation  in  the  tropics. 

35.  5  Officina  de  Meteor ologia 

Direccion  de  Geografia  y  Meteorologia 
Avenida  del  Observatorio  192 
Tacubaya,  Mexico  D.  F. 

Maps,  reports,  records  and  data  of  weather  and 
climate  of  Mexico 

Biblioteca 

Sociedad  Mexicana  de  geografia  y  Estadistica 
Caile  de  Justo  Sierra  19 
Apartado  10739 
Mexico  D.  F. 

Library  has  80,  000  volumes  with  emphasis  upon  Mexico 
and  Middle  America 

UniveTS.ulad  Nacional  Autonoma  de  Mexico 
He  r L»a*  iv.  Nacional  del  Instituto  de  Biclogia 
Casa  del  Lago,  Chapultepec,  Mexico,  D.  F. 


*  35.6 


35.7 


100,  COO  specimens 
Herbarium:  Mexico 


36.0  MOZAMBIQUE 


36.1  Biblioteca  dos  Ser vigos  de  Agricultura 
C.P.  250 

Lourenfo  Marques,  Mozambique 
30,  000  volumes 

36.2  Servi^o  Meteorologico  de  Mozambique  (SMM) 

C.P.  256 

Lourenzo  Marques,  Mozambique 

Astronomy;  seismology;  meteorology 
500  volumes,  120  pamphlets,  60  periodicals 

37.0  NETHERLANDS 

37. 1  Central  Library 

Royal  Tropical  Institute  (RTI) 

63  Mauri,  ^kade 
Amsterdam,  The  Netherlands 

Mainly  on  tropic  -1  areas  held  now  or  in  the  past  by  the 
Netherlands.  F'hotogrammetry,  important  map  collection 
55,  000  volumes.  Emphasis  upon  soil  science,  agriculture 

37.2  Department  for  Systematic  Botany  of  the  Botanical  Laboratory 
Gr.  Rozc  nstraat  31 

Groningen,  The  Netherlands 

100,  000  specimens  -  Herbarium:  Bryophytes  of  the 
Malaysian  Region 

37.3  Flora  Malesiana  Foundation  (FMF) 
c/o  Rijksher barium 
Scholpenkade  6 

Leiden,  The  Netherlands 

Extensive  collections  of  data,  large  he  rbarium  and 
library,  specializes  in  Indonesia,  Malaysia  and  Surinam 
1,  800,  000  specimens 

37.4  International  Association  of  Soil  Science 
c/o  Royal  Tropical  Institute 

63  Mauritskade 
Amsterdam,  The  Netherlands 


Tropical  soils 


37.0  NETHERLANDS  (contd) 


37.  5  International  Institute  for  Land  Reclamation  and  Improvement 
•  f  P.  O.  3ox  45 

’  Wagenmgen,  The  Netherlands 

Institute  provides  bibliographic  information  on  humid 
tropic  soils 

37.  t  International  Training  Centre  for  Aerial  Survey  (1TC) 

3  Kanaalweg 

Delft,  The  Netherlands 

Collection  of  aerial  photographs  of  tropical  forests 

37.7  Physical  Geography  Labc-atory 
221  Sarphatistraat 
Amsterdam,  The  Netherlands 

Collection  of  field  data,  soil  sections  from  Surinam  and 
other  areas 

37.8  Botanical  Museum  ano  Herbarium 
106  Lange  Nieuwstraat 
Utrecht,  Netherlands 

? 

I  About  350,  000  specimens 

Herbarium:  worldwide,  mainly  Surinam,  Netherlands, 
Antilles,  etc. 

_  Important  collections:  Miquel,  Suriname;  collections 

■  '  from  N.  Guinea.  Library  specializes  in  taxonomy  and 

‘  •  geography  of  South  American  plants 

33.0  NEW  CALEDONIA 


38.1  Institut  franqais  d'oceanie 

Office  de  la  recherche  scientiiique  et  technique  outre-mer 
(ORSTOM) 

B.P.  4 

Noumea,  New  Caledonia 

Maintains  a  collection  concerned  with  medical,  veterinary 
and  economic  entomology;  agriculture  and  the  physical 
environment 
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38.0  NEW  CALEDONIA  (contd) 

38.2  Library 

South  Pacific  Commission  (SPC) 

P.O.  Box  9 

Noumea,  New  Caledonia 

Specialized  library  (23,  000  volumes) 

39.0  NEW  ZEALAND 


Library  University  of  Auckland 
Auckland,  New  Zealand 

Provides  a  useful  base  from  which  to  work  in  the  South 
Pacific  Area 


40.0  NIGERIA 

40.1  Federal  Dept,  of  Forest  Research 
P.M.B.  5054 

Ibadan,  Nigeria 

Forestry  and  allied  subjects 

8,500  volumes  and  pamphlets,  22  periodicals 

40,  000  specimen  herbarium  on  tropical  Africa 

40. 2  Geological  Survey 
P.M.B.  2007 

Kaduna  Junction,  N.  Nigeria 

Geology  and  cognate  sciences 

7,  000  volumes,  1550  pamphlets,  36  periodicals 

40.  3  Hydrological  Branch 

Department  of  Inland  Waterways 
Ministry  of  Transportation  and  Aviation 
Lagos,  Nigeria 

3,  000  volume  library,  and  water  supply  papers, 
river  flow  data,  records  of  water  levels  and 
discharges 
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40.0  NIGERIA  (contd) 


40.4  Meteorological  Office 
Lagos,  Nigeria 


*40.  5  Library,  University  of  Ibadan 
Ibadan,  Nigeria 

A  collection  of  probably  a  million  books  and  journals  by 
now.  A  magnificent  Africana  collection.  The  leading 
center  of  research  in  Nigeria.  Depository  under  Nigeria 
copyright  law  for  all  publications  published  in  Nigeria. 
Headquarters  of  the  National  Archives  of  Nigeria.  Good 
departmental  and  institution  special  collections  on  Nigeria 
and  West  Africa  in  particular,  but  most  of  Africa  is  well 
covered. 

40.  6  University  of  Nigeria  Library 
Nsukka,  Nigeria 

Library  contains  a  fine  Nigeriana  collection 
472,  000  volumes 

40.  7  West  African  Meteorological  Services 

Lagos,  Nigeria 

Meteorology 

500  volumes,  1000  pamphlets,  32  periodicals 

41.0  PAKISTAN 

41.1  Dacca  University  Library 
Dacca,  Pakistan 

165,  000  volumes 

41.  2  Department  of  Zoology 

University  of  Punjab 
Lahore,  Pakistan 

An  excellent  collection  of  Indo-Malayan  termites 


42.0  PANAMA 


Biblioteca  de  la  Universidad  de  Panama 

Apartado  3277 

Panama 

125,  000  volumes 

43.0  PARAGUAY 

Biblioteca  de  la  Sociedad  Cient&ica  del  Paraguay 
Que.  Espana  505 
Asuncion,  Paraguay 

30,  000  volumes 

44.0  PERU 

44. 1  Biblioteca  Nacional  de  Agricolas 

Centro  Nacional  de  Investigaciones  Agropecuario 
Apartado  2791 
Lima,  Peru 

National  Agricultural  Library  (50,  000  volumes) 

44.2  Museo  de  Historia  Natural  "Javier  Prado" 

Universidad  Nacional  Mayor  de  San  Marcos 
Apartado  1109,  Avenida  Arenales  1256 
Lima,  Peru 

The  only  natural  history  museum  in  Peru.  A  herbarium  of 
100,  000  specimens  of  Peruvian  plants.  Collections  of  insects, 
parasites,  fishes,  amphibians,  and  reptiles,  birds,  mammals, 
and  fossils 

44.  3  Sociedad  de  Geografia  de  Lima 
Jiron  Puno  456 
Lima,  Peru 

Collection  of  geographic  works  with  emphasis  on  Peru. 

20,  000  volumes 
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45.0  PHILIPPINES 


45.1  Department  of  Agriculture  and  Natural  Resources 
Manila,  Philippines 


45.  2  Division  of  Documentation 

National  Institute  for  Science  and  Technology 
727  Herran  St. 

P.  O.  Box  774 
Manila,  Philippines 

Prioi  to  World  War  II  the  best  information  source 
on  Asian  science  and  technology.  Being  rebuilt  after  the 
war — now  has  fair  collection. 

20,  000  bound  volumes,  2582  current  periodicals, 
Philippine  maps 

45. 3  Library 
National  Musei.m 
Manila,  Philippines 

Good  herbarium  and  library 

85,  00")  specimens  chiefly  of  Philippines 

45.4  Philippine  Weather  Bureau 
P.O.  Box  2277 
Marsman  Building 
Manila,  Philippines 

Library:  summaries  of  data  and  records  of  synoptic  and 
climatological  stations 

45.5  University  of  Santo  Tomas  Library 
Espana  St. 

Manila,  Philippines 

Library  contains  a  72,  000  volume  Filipiniana  collection 
174,  000  volumes 
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46.0  PORTUGAL 


46.1  Botanical  Institute  of  the  University  of  Coimbra 
Coimbra 

About  500,  000  specimens 
Herbarium:  worldwide 

Important  collections —  herbarium  of  Angola  and  Mozambique 

46.2  Institute  of  Botany  (Museu,  Laboratorio  e  Jardim  Botanico), 
Faculty  of  Science 

Lisboa 

About  500,  000  specimens 

Herbarium— collections  from  overseas  provinces 

-lo.  3  Junta  das  Miss'oes  Geograficas  e  de  Investigates 
Geograficas  do  Ultramar 
Praqa  Principe  Real,  21 
Lisboa  2,  Portugal 

9000  map  collection  for  Portugal  "Ultramar",  also  see 
Angola  and  Mozambique 

47.0  RHODESIA 

47.1  National  Archives  of  Southern  Rhodesia 
Salisbury 

Rhodesia 

Collection  totals  in  the  region  of  50,  000  volumes  cn  the 
Rhodesias  and  (former)  Nyasaland 

Herbarium,  Forestry  Department,  Ndola,  N.  Rhodesia. 

8000  specimens 

47.2  National  Museum  of  Southern  Rhodesia 
P.O.  Box  8540  Causeway 
Salisbury,  Phodesia 

Collection  contains  335,  000  zoological  and  entomological 
specimens,  the  majority  of  which  were  collected  in 
Southern  Rhodesia. 


47.0  RHODESIA  (contd) 


47. 3  Library 

University  College  of  Southern  Rhodesia 
Salisbury,  Rhodesia 

60,  000  volumes 

47.4  Federal  Herbarium,  Branch  of  Botany  and  Plant  Pathology, 
Federal  Department  of  Agriculture  and  Lands 

P.O.  Box  8100,  Causeway,  Salisbury,  S.  Rhodesia 

About  140,  000  specimens 

Herbarium:  Flora  of  Rhodesia  and  Nyasaland 
and  other  parts  of  Africa 

Important  collections:  Eyles  Herbarium,  N.  C.  Chase 
Herbarium.  Also  maintains  a  collection  of  over  125,  000 
insect  specimens. 

48.0  SCOTLAND 

48.1  Center  of  African  Studies 
Edinburgh  University 
2  Bucdeuch  Place 
Edinburgh  8 

Library  contains  African  journals,  newspapers,  magazines, 
microfilms:  large  amount  of  Africana  in  central  university 
library 

48.  2  Department  of  Botany 

The  University  of  Aberdeen 
Abe rdeen 

About  60.  000  specimens 

Herbarium:  British  flora  and  flora  of  Thailand 
Important  collection:  Dr.  A.  F.  Kerr's  collections 
from  Thailand 

48.  3  Department  of  Botany 
University  o*  Glasgow 
Glasgow 
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48.0  SCOTLAND  (contd) 


About  170,  000  specimens 
Herbarium:  worldwide 

Important  collections:  W.J.  Hooker,  Walker  Arnott, 
Wight  (India),  Drummond  (Australia),  Beechey 
and  Gillies  (Peru) 


44.0  SENEGAL 

49. 1  Bibliotheque 

Universite  de  Dakar 
Dakar,  Senegal 


49.  2  Direction  locale  de  Dakar 

Bureau  de  Recherches  geologiques  et  minieres 
Route  de  1‘Universite 
B.P.  268 

Dakar-Fann,  Senegal 

Now  has  charge  of  the  library  of  the  former  Geological 
Bureau  of  ex-French  West  Africa. 

5000  books,  35,  000  periodicals,  100  geological  maps 

*49.  3  Bibliotheque  centrale 

Institut  franqais  d*  Afrique  noire  (IF AN) 

B.P.  206 
Dakar,  Senegal 

Maintains  a  collection  of  over  400,  000  specimens 
collected  mainly  in  West  Africa 

49,  000  volumes,  3650  periodicals,  1800  maps,  1000 
microfilms,  40,  000  photographs 

49.4  Laboratory  of  Parasitology 

Faculty  vf  Medicine  and  Pharmacy 
University  of  Dakar 
Dakar,  Senegal 

Collection  of  specimens,  mainly  of  medical  and  veterinary 
interest 
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49.  5  Office  de  la  recherche  scientifique  et  technique  outre-mer 
(ORSTOM) 

Dakar,  Senegal 


49.6  Service  ge  ographique  de  L'  AOF 
Dakar-Fann,  Senegal 

Mathematical  geography  (geodesy,  cartography,  geology, 
and  astronomy) 

2000  volumes,  1000  brochures 

49.7  Service  meteorologique  de  L'AOF 
.'^Lar-Fann,  Senegal 

Meteorology  and  physics 

1005  volumes,  300  brochures,  50  periodicals 

30.0  SIERRA  LEONE 


Library 

Fourah  Bay  University 
Freetown,  Sierra  Leone 

Long  established  college  with  a  useful  local  and  general 

documentation 

30,  000  volumes 

51.0  SOUTH  AFRICA,  REPUBLIC  OF 


Merensky  Library 
University  of  Pretoria 
Pretoria,  South  Africa 

Library  maintains  an  Africana  collection 
240,  380  volumes 
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52.0  SUDAN 


Survey  Department 
Ministry  of  Mineral  Re* Circes 
P.O.  Box  No.  306 
Khartoum.  Sudan 

53.0  SURINAM 


Geologisch-mijnbouwkundige  Dienst 
Kleine  Waterstraat  1 
Paramaribo,  Suriname 

7000  volumes 


54.0  SWEDEN 

54.1  Biblioteca  e  Instituto  de  Estudios  Ibero-Americanos 
Stockholm  School  of  Economics 
Odengatan  61 
Pack 

Stockholm  6,  Sweden 


54. 2  Botanical  Department 

Naturhistoriska  Riksmuseum 
Stockholm  50 

About  2,850,  000  specimens 
Worldwide  herbarium 

Important  collections:  Regnellian  collections  from 
Brazil,  Ekman  from  West  Indies,  etc. 

55.0  TANGANYIKA  (TANZANIA) 

55.1  Herbarium  the  Tanganyika  Forest  Department 
c/o  the  Silviculturist 
P.O.  Box  42,  Lushoto,  Tanzania 

About  4000  specimens,  woody  plants  of  Tanganyika 


5s.  0  TANGANYIKA  (TANZANIA)  (contdi 


55.2  King  George  VI  Memorial  Library 
P.O.  Box  391 

Tanga,  Tanzania 

Comprehensive  on  Tanganyika 
12,  500  volumes 

55.3  Ministry  of  Agriculture  and  Cooperative  Development 
Tengeru,  P.O.  Box  3020 

Arusha,  Tanzania 

56.0  THAILAND 

56.1  Bangkok  School  of  Tropical  Medicine 
University  of  Medical  Science 
Rajvithi  Road,  Phyathai 
Bangkok,  Thailand 

Collection  has  emphasis  on  Southeast  Asian  medicine 
Forestry 

34,  000  volumes 

56.  2  Meteorological  Office 
Royal  Thai  Navy 
Bangkok,  Thailand 

Records  and  data  summaries  of  surface  and  upper 
air  observations 

56.3  Botanical  Section,  Plant  Industry  Division, 

Department  of  Agriculture,  Bangkok 

About  55,  000  specimens 
Herbarium:  General  flora  of  Thailand 

56.4  The  Forest  Herbarium,  Section  of  Botany  and  Zoology, 

Forest  Products  Research  Division,  Royal  Forest  Department 
Phaholyothin  Highway 

Bangkok 

35,  000  specimens 
Worldwide  herbarium 
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57.0  TRINIDAD  AND  TOGABO 


57.1  Central  Library  of  Trinidad  and  Tobago 
20,  Queen’s  Park  East 
Port  of  Spain,  Trinidad 


57.2  Imperial  College  of  Tropical  Agriculture 
University  of  the  West  Indies 
Trinidad,  West  Indies 

About  25,  000  specimens 

Herbarium:  Angiosperms,  Pteridophytes,  Fungi  and 
Algae  of  Trinidad  and  Tobago,  now  being  extended 
to  Caribbean  area  as  a  whole 

53.0  UGANDA 

58.1  Department  of  Lands  and  Survey 
P.O.  Box  361 

Kampala,  Uganda  1 

Air  photo  library  and  local  special  purpose  maps  (soils, 

vegetation,  rainfall,  etc. )  j 

! 

J 

58.2  Geological  Survey  Department  1 

P.O.  Box  9 

Entebbe,  Uganda 

All  branches  of  geology 

10,  000  volumes,  3000  pamphlets,  62  periodicals, 
geologic  maps 

58.  3  Kawanda  Research  Station 

P.  O.  Box  265 
Kampala,  Uganda 

Maintains  a  collection  of  more  than  50,  000  entomological 
specimens 

25,  000  specimens — mainly  Uganda  flora,  but  some 
material  from  other  East  African  territories. 

Library:  6,000  volumes;  125  periodicals  -  agronomy, 

pests,  soil,  vegetation  ) 
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58.0  UGANDA  (contd) 


58.4  Makerere  Herbarium,  Makerere  University  College  Library 
Makerere 
P.O.  Box  262 
Kampala,  Uganda 

Special  East  Africans  collection 
6000  specimens — primarily  from  Uganda,  but  also 
some  from  elsewhere  in  East  Africa,  Sudan  and 
N.  Rhodesia. 

90,  000  volumes 

Geography  department  has  reference  collection  of  the  maps 
of  the  East  African  Surveys  (including  a  set  of  the  1:7,  000,  000 
series  of  German  East  Africa). 

59.0  UNION  OF  SOVIET  SOCIALIST  REPUBLICS  (USSR) 

59.1  All  Union  State  Library  of  Foreign  Literature 
Ulitsa  Razina  12 

Moscow,  RSFSR 

Library  contains  2,  000,  000  volumes  in  95  foreign 

languages 

4,  000,  000  volumes 

59.2  A.M.  Gorky  Scientific  Laboratory 
Moscow  State  University 
Mokhoraya  9 

Moscow,  RSFSR 

General  collection 
6,  000,  000  volumes 

*59.3  Central  Scientific  Agricultural  Library 
Orlikov  Pereulok  1-11 
Moscow,  RSFSR 

Deals  with  agriculture  and  soils  on  a  worldwide  basis. 

2,  500,  000  volumes 
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59.0  UNION  OF  SOVIET  SOCIALIST  REPUBLICS  (USSR)  (contd) 


* 


♦  59-4  Lenin  State  Library 

Ulitsa  Kalinina  3  and  Ulitsa  Marksa  i  Engelsa  14 
Moscow,  RSFSR 

A  general  library  containing  20,  000,  000  books, 
magazines  and  complete  files  of  newspapers  in  all 
•  languages  of  the  Soviet  Union  and  160  foreign 
languages  plus  2,  500,  000  manuscripts. 

Important  map  collection 

*59-  5  Library  of  the  Academy  of  Sciences  of  the  USSR 
Birzhevaya  lima  1 
Leningrad,  RSFSR 

6,  000,  000  volumes 
General  collection 

59.  6  Library  of  the  Central  House  of  the  Soviet  Army 
Ploshchad  Kommuny 
Moscow,  RSFSR 

Mainly  concerned  with  military  and  political  volumes 
on  a  worldwide  basis. 

3,  000,  000  volumes 

59.7  State  Scientific  Library  of  the  USSR 
Moscow,  RSFSR 

General  scientific  library 
3,  500,  000  volumes 

60.0  UNITED  STATES  OF  AMERICA  (USA) 

60. 1.  0  California 

60.1.1  San  Diego  State  College 
5402  College  Avenue 
San  Diego,  California  92115 

Good  African  holdings,  especially  former 
F rench  colonies;  250,  000  volumes 


351 


60.0  UNITED  STATES  OF  AMERICA  (USA)  (contd)  0 

60.1.2  San  Diego  Zoological  Society  it  Library  . 

P.  O.  B'.x  551  fc 

5aa  Diego,  California  92112 

Zoo  maintains  largest  collection  of  live  animals  in 
the  world. 

1148  volumes,  140  bound  periodicals,  150  pamphlets 

60.1.  3  Stanford  University  Library 

Stanford,  California  94305  c 

General  ccllection  and  John  C.  Branner  collection 
started  with  6000  items  on  Brazil. 

2,287,  332  volumes 

♦  60.  i.  4  University  of  California,  Berkeley  Library 

Berkeley.  California  94720 

Herbarium,  Department  of  Botany- 

General  collection — major  Latin  American  holdings, 

very  complete  biological  sciences  holdings, 

1,  225,  000  specimens.  Worldwide  herbarium 
with  specialization  in  the  Americas. 

2,  596,  526  volumes 

*60.1.5  University  of  California,  Los  Angeles,  Library 

405  Hiigard  Avenue 
Los  Angeles,  California  90024 

General  collection  (2,  500,  000  volumes)  with  large  holdings 
on  Africa,  South  Asia  and  Latin  America.  This  library 
also  contains  the  largest  collection  of  maps  in  tne  Western 
United  States. 

Biomedical  Library  (134,  093  volumes) 

Has  large  Zoological  and  botanical  holdings. 

Herbarium,  Department  of  Botany,  300,  000  specimens, 
worldwide  herbarium,  emphasis  on  subtropical  ornamentals. 

60,1.6.  University  of  California,  San  Diego,  Library 
Scnpps  Institute  of  Oceanography- 
La  Jolla,  California  92037 

Maintains  a  large  collection  of  worldwide 
oceanographic  information 
45,  851  volumes 
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60.0  UNITED  STATES  OF  AMERICA  (USA)  (contd) 


60.2.0  Connecticut 

Yale  University  Library 
New  Haven,  Connecticut  06520 

General  collection,  Southeast  Asia  and  Lutin  America 
4,  309,  882  volumes 


60.  3.  0  District  of  Columbia  ■ 

60.3.1  Building  Research  Advisory  Board  j 

National  Academy  of  Sciences  j 

National  Research  Council 

2101  Constitution  Avenue,  N.  W. 

Washington,  D.C.  20418 

Reports  on  housing  and  building  in  tropical  areas. 

10,  000  volumes 

60.3.2  Institute  of  Social  Anthropology  | 

Smithsonian  Institution  j 

Washington,  D.C.  j 

Collects  and  makes  available  information  on  health  j| 

and  living  conditions  in  South  America  j 

I 

60.3.3  International  Monetary  Fund  Library  ’ 

International  Bank  for  Reconstruction 

and  Development  Joint  Bank  Fund  Library 
19th  and  H  Street,  N.  W. 

Washington,  D.C.  20025 

Underdeveloped  nations  (land  use,  transportation) 

50,  000  volumes,  60  vertical  file  drawers 

60.3.4  International  Road  Federation 
1023  Washington  Building 
Washington,  D.C.  20005 

Serves  as  a  collecting,  publishing  and  distribution 
agency  for  technical,  economic,  statistical, 
educational  and  other  information  on  world  roads. 
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60.0  UNITED  STATES  OF  AMERICA  IU5A)  (contd) 


*60.3.5  Library  of  Congress 

1st  Street  &  Independence  Avenue,  S.  E. 

Washington,  D.  C.  20540 

General  collection,  best  U.  S.  depository;  excellent 
map  library. 

12,  750,  000  books  and  pamphlets,  3, 125,  000  photo¬ 
graphs,  400,  000  technical  reports,  20,  000  periodicals 


60.3.6  Pacific  Vegetation  Project 

2101  Constitution  Avenue,  N.  W. 

Washington,  D.  C.  20037 

Limited  reference  source  on  coral  atolls  and 
Pacific  island  ecology. 


*60.3.7  Pan  American  Union,  Columbus  Memorial  Library 
17th  and  Constitution  Avenue,  N.  W. 

Washington,  D.C.  20025 

Latin  America  collection 

175,  000  volumes,  175,  000  unbound  periodicals 


60.  3.  8  Tropical  Health  Office 

Division  of  Medical  Sciences 
National  Academy  of  Science 
National  Research  Council 
2101  Constitution  Avenue,  N.  W. 

Washington,  D.C.  20418 

Reference  service  on  tropical  diseases. 


*60.3.9  United  States  Army  Map  Service  Library 
6500  Brooks  Lane,  N.  W. 

Washington,  D.C.  20025 

Emphasis  on  topographic  maps. 

1,  800,  000  maps,  130,  000  volumes  and  periodicals 


60.3.10  United  States  Botanical  Gardens 
245  First  Street,  S.  W. 

Washington,  D.  C.  20024 

Maintains  specimen  collection  of  worldwide  scope. 
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60.0  UNITED  STATES  OF  AMERICA  (USA)  (contd) 


*60.3-11  National  Agriculture  Library 

14th  and  Independence  Avenue,  S.  W. 

Washington,  O.C.  2  0250 

1,  212,  000  volumes  including  20,  000  serial  titles 

*60.  3.12  United  States  Geological  Survey 

General  Services  Administration  Building 
19th  and  F  Streets,  N.  W. 

Washington,  D.C.  20025 

Geologic  books  collection  and  important  map 

collection 

385,  379  volumes 

60.3.13  United  States  Naval  Oceanographic  Office 
Department  of  the  Navy 
Washington,  D.C.  20390 

Collection  consists  of  books,  government  reports, 
technical  and  scientific  data,  periodicals, 
industrial  literature,  project  or  administration 
data  and  technical  correspondence. 

*60.3.14  United  States  Weather  Bureau 
24th  and  M  Street 
Washington,  D.C.  20025 

Synoptic  and  summarized  data  from  all  the 
weather  services  of  the  world. 

145,  000  volumes 

60.  3. 15  Research  Library  Branch 

Aeronautical  Chart  &  Information  Service 
Air  Force  Office  of  Research 
Washington,  D.C.  20025 
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(  60.0  UNITED  STATES  OF  AMERICA  (USA)  (contd) 


60.3.16  United  States  National  Museum,  Smithsonian  Institution 
Washington,  D.C.  20025 

3,  000,  000  specimens 

Worldwide  Spec.  North  and  South  America 


60.4.0  Florida 

60.4.1  American  Society  of  Tropical  Medicine  and  Hygiene 
3575  Saint  Gaudens  Road 
Miama,  Florida  33133 

Conducts  research  and  publishes  papers 
on  tropical  medicine  and  hygiene. 


60.4.2  Everglades  Experiment  Station  Library 
University  of  Florida 
P.O.  Box  37 

Belle  Glade,  Florida  334.;  0 

Specialized  library  includes  subjects  of 
tropical  botany,  sugarcane  and  rice. 
7000  volumes 


60.4.  3  Experimental  Farm  and  Tropical  Plant  Research 
Laboratories 
Department  of  Botany 
University  of  Miami 
Coral  Gables,  Florida  33146 

Conducts  research  on  tr epical  plants  and 
plant  adaptations  to  the  tropics. 

60.4.4  Hurst  Laboratories 
514  37th  Street,  N. 

St.  Petersburg,  Florida  33713 

Laboratory  conducts  research  on  tropical  plants. 

60.4.5  Morton  Collectanea 
Botany  Building  Room  114 
P.O.  Box  8204 
University  of  Miami 
Coral  Gables,  Florida  33146 
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60.0  UNITED  STATES  OF  AMERICA  (USA)  (contd) 


Plant  identification  service  and  case 
history  of  plant  injuries. 

60.4.6  Radar  Meteorological  Laboratory 
University  01  Miami 

Merrick  Building,  Main  Campus 
Coral  Gables,  Florida  33146 

A  library  is  maintained  for  on-site  inspection 

60.4.7  Marine  Laboratory 
University  of  Miami 

#1  Rickenbacker  Causeway- Virginia  Key 
Miami,  Florida  33149 

Engages  in  basic  research  in  tropical  fisheries 
and  oceanography  of  the  Caribbean  area. 


60.  5.  0  Georgia 

60.  5. 1  Communicable  Disease  Center 
U.  S.  Public  Health  Service 
1600  Clifton  Road,  N.  E. 

Atlanta,  Georgia  30322 

Research  and  published  information  on  many 
tropical  communicable  diseases. 

60.  5.  2  Library 

University  of  Georgia 
Athens,  Georgia  30602 


60.  6.  0  Hawaii 

60.6.1  Agricultural  Experiment  Station  Library 
University  oi  Hawaii 
Honolulu,  Hawau  96814 
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60.0  UNITED  STATES  OF  AMERICA  (USA)  (contd) 


60.6.2  Library,  Experiment  Station 
Hawaiian  Sqgar  Planters1  Association 
1527  Keeaumoku  Street 

Honolulu,  Hawaii  96814 

Library  has  material  on  tropical  agriculture, 
climate,  crops,  agronomy,  botany,  plant  pathology 
and  physiology,  forestry,  sugar  technology,  and 
entomology. 

60.6.3  Library  of  Hawaii 
478  S.  King  Street 
Honolulu,  Hawaii  96813 

315,  000  volumes 


60.6.4  Library,  Hawaiian  Pineapple  Company 
P.O.Box  3380 
Honolulu,  Hawaii  96814 

Library  is  restricted  to  commercial  firms  and 
university  students.  Collects  information  on 
tropical  agriculture. 


60.6.5  Library 

B.P.  Bishop  Museum 
Honolulu,  Hawaii  96817 

Good  herbarium  and  library 

About  160,  000  specimens;  herbarium  — Polynesia, 
Micronesia,  Melanesia,  Australasia,  Indonesia, 
and  related  areas.  Insect  collection 


♦  60.  6.  6  Pacific  Scientific  Information  Center 
B.  P.  Bishop  Museum 
Honolulu,  Hawaii  96817 

Acts  as  a  clearing  house  for  intimation  on  the 
Oceanic  Pacific  area.  Important  collection  of 
library  materials  on  Polynesia. 


60.  6.  7  Gregg  M.  Sinclair  Library 
University  of  Hawaii 
Honolulu,  Hawaii  96814 

General  collection  with  specialized  collections 
of  Hawaiian  and  Oriental  materials. 

317 ,  98  0  volume  s 
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60.0  UNITED  STATES  OF  AMERICA  (USA)  (contd) 


60.  7.  0  Illinois 

60.7.1  Chicago  Natural  History  Museum 
Department  of  Bofany 
Chicago,  Illinois  60605 

Probably  the  "'orld’s  largest  collection  of  South  American 
plants;  outstanding  herbarium  for  tropical  South  America; 
library  adequate  for  advanced  work  on  the  tropics 

60.7.2  Northwestern  University  Library 
Evanston,  Illinois  60201 

General  collection  and  an  excellent  collection  of 
works  on  Africa, 
i,  666,  200  volumes 

60.7.3  University  of  Illinois  Air  Photo  Repository 
Committee  on  Aerial  Photography 
University  of  Illinois 

Urbana,  Illinois  61803 

Annotated  aerial  photo  stereograms  of  humid  tropical 
(aa  well  as  other)  areas.  Showing  vegetation  terrain 
and  cultural  features 


*60.7.4  University  of  Illinois  Library 
University  of  Illinois 
Urbana,  Illinois  61803 

General  collection,  fine  map  and  geography 
library  subsections  with  excellent  Latin 
American  and  Asian,  especially  Indian,  holdings 
4,  000,  000  volumes 


60.8.0  Indiana 

Indiana  University  Library 
Bloomington,  Indiana  47405 

Collection  of  about  1-1/2  million  books  and 
journals  with  a  growing  special  Africans 
collection  as  part  of  the  African  studies  program. 
Geography  map  room  at  library  has  a  collection  of 
African  maps  that  is  of  exceptionally  high  quality 


60.9-0  Louisiana 

*60.  9.  1  Louisiana  State  University  Coastal  Studies  Institute 
Geology  Department 
Louisiana  State  University 
Baton  Rouge,  Louisiana  70803 

Maintains  a  reference  file  on  subjects 
related  to  coastal  studies. 
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60.9.2  Louisiana  State  University  Library 
Baton  Rouge,  Louisiana  70803 

Tropical  emphasis  is  upon  geology,  Caribbean 
and  Mexico  (especially  Yucatan). 

701, 410  volumes 

60. 10.  0  Maryland 

*60.10.1  Foreign  Area  Climatic  Advisory  Service 
Office  of  Climatology 
U.S.  Weather  Bureau 
U.S.  Department  of  Commerce 
FOB  #4 

Suitland,  Maryland  20025 

Foreign  climatological  information. 

60.10.2  United  States  Department  of  A-griculture 
Sugar  and  Tropical  Products  Division 
Room  6077,  Building  S 
Foreign  Agriculture  Service 
Beltsville,  Maryland  20705 

Conducts  research  and  has  holdings  in 
tropical  agriculture. 

60. 10.  3  World  Soils  Map 

Soil  Survey  Investigations 
U.S.  Soil  Conservation  Service 
U.S.  Department  of  Agriculture 
Hyattsville,  Maryland 

Worldwide  collection  of  soils  profiles. 

60. 11.  0  Massachusetts 

60.11.1  American  Meteorological  Society 
45  Beacon  Street 
Boston,  Massachusetts  02108 

Society  collects  data  and  publishes  abstracts  and 
bibliographies  from  over  100  different  countries. 
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Can  provide  answers  to  technical  questions  on 
many  phases  of  meteorology,  climatology  and 
geography. 


60.11.2  Boston  University 

African  Research  and  Studies  Program 

154  Bay  State  Road 

Boston,  Massachusetts  02115 

Research  centers  on  an  interdisciplinary 
review  of  Africa. 


6G.  11.  3  Earth  Sciences  Division 

U.S.  Army  Natick  Laboratories 
Natick,  Massachusetts  01762 

Conducts  research  and  will  make  information 
available  on  the  geographic  and  climatic 
conditions  found  in  the  tropics. 

22,  000  volumes,  75,  000  reports 

60.11.4  Harvard  University  Library 

Cambridge,  Massachusetts  02138 

General  collection,  important  map  collection. 
Library  &.  Gray  Herbarium  at  22  Divinity  Avenue, 
Cambridge,  Mass,  and  a  botanical  museum. 

6,  848,  635  volumes  and  1,  500,  000  specimens  — 
especially  Mexico  and  West  Indies 

60. 11.  5  Marine  Biological  Laboratory  Library 
Woods  Hole  Oceanographic  Institute 
Woods  Hole,  Massachusetts  02543 

Tropical  oceanography  and  meteorology 
80,  000  volumes,  210,  000  pamphlets 


60.12.0  Mississippi 

U.S.  Army  Research  Center  Library 
Waterways  Experiment  Station 
U.S.  Army  Corps  of  Engineers 
Box  631 

Vicksburg,  Mississippi  3918 1 
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Special  subjects:  soil  mechanics,  flexible 
pavement  hydraulics  and  concrete  research  is 
carried  out  on  a  worldwide  scale. 

60,  000  volumes 

60.13.0  Missouri 

Missouri  Botanical  Garden 
St.  Louis,  Missouri  63110 

Collection  has  some  emphasis  on  tropical 
botany. 

Number  of  specimens:  ca.  1,  700,  000. 
Herbarium:  worldwide 

Spec:  tropical  and  temperate  America,  Africa, 
Gramineae. 


60.14.0  New  Jersey 


Atmospheric  Physics  Branch 
Meteorological  Division 

U.S.  Army  Electronics  Research  and  Development 
Agency 

Fort  Monmouth,  New  Jersey  07703 


Branch  conducts  research  and  will  make  information 
available  on  tropical  meteorology. 


60.15.0  New  York 

*60.15.1  American  Geographical  Society  Library  of  New  York 
Broadway  at  156th  St. 

New  York,  New  York  10032 

General  geographic  collection  with  a  worldwide 
I  scope.  Excellent  map  collection, 

f  158,133  volumes,  294,537  maps,  31,106  pamphlets, 

41,  805  indexed  photographs,  4,  211  atlases,  47  globes 

\ 

60.15.2  American  Museum  of  Natural  History 
New  York,  N.Y. 
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60.15.3  Library 
Columbia  University 

New  York,  New  York  10027 

General  collection.  African,  Asian  and  Latin 
American  Institutes  and  holdings  in  these  areas. 
Good  geology  library. 

60.15.4  Cornell  University  Library 
Ithaca,  New  York  14850 

General  collection  with  important  zoological 
holdings. 

1,812,826  volumes 

60.15.5  Ford,  Bacon  &  Davis  Inc. 

39  Broadway 

New  York,  New  York  10006 

Maintains  information  on  power  plants,  water 
supplies,  water  power,  and  geology  on  a 
worldwide  basis. 

15,  000  volumes,  25,  000  pamphlets,  110  vertical 
file  units 

60.15.6  New  York  Botanical  Garden  Library 
Bronx  Park 

Bronx,  New  York  10058 

Herbarium:  about  3,000  ,000  specimens,  world¬ 
wide,  spec.  tropical  America,  Orient,  Hawaii,  etc. 
Library  specializes  in  botany,  agriculture,  herbals, 
horticulture,  and  plant  pathology. 

65,  000  volumes,  100  vertical  file  drawers 

*60.15.7  New  York  Public  Library 
5th  Avenue  Sc  42nd  Street 
New  York,  New  York  10018 

General  collection,  excellent  map  collection 
7,229,878  volumes 
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60.0  UNITED  STATES  OF  AMERICA  (USA)  (contd) 


60.16.0  North  Carolina 

United  States  Weather  Bureau 
National  Records  Center  Archives  and  Library 
Grove  Arcade  Building 
Asheville,  North  Carolina 

Herbarium,  Meteorological 
collection  with  worldwide  scope. 

7000  feet  of  manuscript  weather  records 

1200  linear  feet  of  published  material 

61,  50Q  reels  of  microfilm  of  manuscript  weather 

records,  analyzed  synoptic  charts,  and  TIROS 

photos 


60. 17.  0  Pennsylvania 

University  of  Pennsylvania  Library 
Philadelphia,  Pennsylvania  19104 

General  collection,  with  emphasis  upon  South  Asia. 
1,  745,  000  volumes 


60. 18.  0  South  Carolina 

Laboratory  of  Tropical  Diseases  Library 
U.S.  Public  Health  Service 
Drawer  189 

Columbia,  South  Carolina  29202 

Collection  of  information  on  tropical  diseases 


60. 19-  0  Virginia 

*60. 19J  Library,  Central  Intelligence  Agency 
Langley,  Virginia  20505 

Excellent  collection  of  essentially  classified 
materials. 

LiO.  i9.  2  Defense  Documentation  Center  (formerly  ASTIA) 
Cameron  Station  Building  5 
Alexandria,  Virginia  22314 
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60.0  UNITED  STATES  OF  AMERICA  (USA)  (contd) 

Collects  and  disseminates  DOD  scientific  and 
technical  reports.  Classified  and  unclassified 
materials. 

*60. 19-  3  Library 

Defense  Intelligence  Agency 
Arlington  Hall  Station,  Virginia  22212 

Excellent  collection  of  essentially  classified 
materials. 

60. 19.  4  Clearing  house  for  Federal  Scientific  and 
Technical  Information 
United  States  Department  of  Commerce 
5285  Port  Royal  Road 
Springfield,  Virginia  22151 

Formerly  Office  of  Technical  Services.  Center  for 
the  collection  and  sale  of  technical  reports  resulting 
from  Government  financed  research  and  development. 

60.  20.  0  Wisconsin 

Library 

Aquarium  Research  and  Experimental  Society 

P.  O.  Box  5142 

Milwaukee,  Wisconsin  53204 

Library  maintains  a  collection  on  tropical  fish. 

60.  21.  0  Canal  Zone 

60.21.1  Canal  Zone  Library  and  Museum 
Balboa  Canal  Zone,  Panama 

Special  collection  dealing  with  history  of  canal 
and  works  on  Panama. 

145,  000  volumes 

60.21.2  Library,  Canal  Zone  Biological  Area 
Smithsonian  Institution 

Balboa,  Canal  Zone,  Panama 

Library  maintains  reference  service  on  the 
biology,  geology,  and  meteorology  of  the  Canal 
Zone  and  Panama. 

60.  21.  3  Panama  Canal  Company 
Balboa  Heights,  Panama 

Meteorological  information 
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60.22.0  Puerto  Rico 

60.22.1  Institute  ol  Tropical  Forestry 
U.S.  Forest  Service 
P.O.  Box  577 

Rio  Piedras,  Puerto  Rico  00928 

Institute  conducts  research  on  tropical  forest 

and  watershed  management.  Library  of  10,  000  volumes 

About  3000  specimens 

Herbarium:  trees  of  Puerto  Rico  and  Caribbean 


60.22.2  Puerto  Rico  Agricultural  Experiment  Station 
University  of  Puerto  Rico 
Rio  Piedras,  Puerto  Rico  00928 

Acts  as  a  consulting  service  on  tropical  agriculture. 

60.  22.  3  University  of  Puerto  Rico 

Institute  of  Caribbean  Studies 
Apartado  B.  M. 

Rio  Piedras,  and  Mayaguez,  Puerto  Rico 

Rio  Piedras  main  facility.  Mayaguez  center  serves  as 
clearing  house  for  geological  research  in  Caribbean. 


60.  23.  0  Virgin  Islands 

Library 

U.  S.  Department  of  Agriculture 

Virgin  Island  Agricultural  Research  and  Extension  Program 

King  shill  Post  Office 

St.  Croix,  Virgin  Islands  00850 

Maintains  holdings  on  tropical  agriculture  and 
animal  husbandry. 


61.0  VENEZUELA 

61.1  Instituto  Botanico 
Apartado  2156 
Caracas,  Venezuela 
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61.0  VENEZUELA  (contd) 


100,  000  specimen  herbarium  and  a  good  basic  library  . 
Herbarium:  Venezuelan  plants 

61.  2  Biblioteca  Nacional 
Caracas,  Venezuela 

General  collection  with  special  emphasis  on  Venezuela. 
300,  000  volumes 

61.  3  Herbarium  and  Library 

Universidad  de  Los  Andes 
Merida,  Venezuela 


61. 4  Biblioteca 

Instituto  de  Zoologva  Tropical  (IZT) 

Facultad  de  Ci£ncias 
Universidad  Central  de  Venezuela 
Apartado  Sabana  Grande  10098 
Caracas,  Venezuela 

Library:  7,  000  volumes,  collections  of  neotropical 
animals 
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APPENDIX  C 

AN  INDEX  OF  AERIAL  PHOTOGRAPHY 
AND  MAPPING  COVERAGE  OF  THE  HUMID  TROPICS 

TABLE  NO.  1  -  AERIAL  PHOTOGRAPHY 
TABLE  NO.  2  -  TOPOGRAPHIC  &  PLANIMETRIC  MAPS 
TABLE  NO.  3  -  GEOLOGIC  MAPS 
TABLE  NO.  4  -  SOILS  AND  LAND  CAPABILITY  MAPS 
TABLE  NO.  5  -  VEGETATION,  LAND  USE,  ECOLOGY 
AND  FOREST  INVENTORY  MAPS 


»  ' 


teiane*  Mrvlets  division 


u  v  wmw. 


APPENDIX  C 


AN  INDEX  OP  AERIAL  PHOTOGRAPHY  AND  MAPPING 
COVERAGE  OF  THE  HUMID  TROPICS 


Initial  stops  in  the  attempts  to  assess  the  state  of  knowledge 
of  the  humid  tropic  environment  include  a  complete  inventory  of  already 
existing  basic  data.  Inasmuch  as  aerial  photography  is  an  excellent  source 
of  -.’-ta  concerning  the  physical  landscape,  and  maps  are  one  of  the  most 
common  and  effective  methods  of  depicting  environmental  information,  the 
following  index  is  essential  to  the  evaluation  of  the  humid  tropics. 

The  index  presents  information  concerning  the  extent  of 
areal  coverage,  date  of  most  recent  roveraye,  scales,  main  holding 
agencies,  sources  of  additional  and  more  detailed  information  and  other 
remarks  for  each  country  in  the  humid  tropics  for  each  of  the  following 
categories: 

1  -  Aerial  photography 

2  -  Topographic  and  planimetric  maps 

3  -  Geologic  maps 

4  -  Soils  and  land  capability  maps 

5  -  Vegetation,  land  use,  ecology  and 

forest  inventory  maos 

Values  indicating  extent  of  areal  coverage  refer  only  to  that  portion  of  each 
country  that  is  within  the  humid  tropics  (Note  Figure  1,  Chapter  I). 

Climatological,  hydrologic,  transportation,  city  plan,  and 
other  pertinent  maps  have  been  omitted  because  of  the  great  difficulty  and 
complexity  of  obtaining  and  indexing  such  information,  due  primarily  t<< 
the  lack  of  compiled  index  materials. 

National  and  special  purpose  atlases  are  listed  on  page  D-16 
of  the  KWXC  Index,  Humid  Tropic  Environmental  Literature,  Volume  I  of 
this  report.  Special  purpose  maps,  map  catalogues  and  reports  concerning 
map  coverage  are  listed  on  pages  D-122  through  D-126  of  the  same  volume. 

Important  compilations  of  sr  vironmental  maps  are  indicated 
in  the  body  of  the  report.  Reference  snould  be  made  to  these  special 
purpose  listings  for  additional  information,  such  as  the  series  noted  in 
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Chapter  IV  WEATHER  AND  CLIMATE.  ("An  annotated  bibliography  of 

Climatic  Maps  of . ')  This  series  is  produced  by  the  Foreign  Area 

Section,  Office  of  Climatology,  U.  S.  Weather  Bureau,  ESSA,  Washington, 
D.  C. 


Such  small  scale  map  series  as  the  Worid  Aeronautical 
Charts  (1:250,000)  and  the  USAF  Operational  Navigation  Charts  (1:1,000,000), 
both  published  by  the  USAF  Aeronautical  Chart  fc  Information  Center,  St.  Louis, 
Missouri,  cover  the  entire  humid  tropics  and  are  not  considered  in  the  follow¬ 
ing  tables. 


Primary  sources  for  actual  examination  o'  the  maps  and 
aerial  photographs  are  noted  in  Appendix  B  of  thi«  report.  Individuals  most 
knowledgeable  of  the  extent,  status  and  availability  of  map  and  aerial  photo¬ 
graphy  in  the  humid  tropics  are  noted  in  Appendix  A  of  this  report  under  the 
heading.  Geodesy. 

Plate  No.  I  indicates  the  order  of  arrangement  of  the  following 
index.  The  alphabetic  order  of  countries  by  continent  is  that  which  was  estab¬ 
lished  for  Volume  I  of  this  inventory.  The  plate  also  shows  the  page  number 
location  for  each  country  and  the  presence  or  absence  of  data  according  to 
subject. 
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PLATE  I 

INDEX  OF  AIR  PHOTO  AND  MAP  COVERAGE 


1  ables 


LATIN  AMERICA 

1 
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Page 
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374 
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38b 
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Barbados 
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X 

X 

4 

Bolivia 

n 

Brazil 

i 

British  Guiana 

- 

X 

British  Honduras 

Colombia 

Costa  Rica 

Cuba 

X 

Dominica  Island 

X 

X 
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X 

Dominican  Republic 

Ecuador 
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French  Guiana 

Guadeloupe  Island 

X 

X 

X 

Guatemala 
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h 
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X 

X 
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Martinique 
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t™ 

X 

X 

Mexico 
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Panama 

Paraguay 
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X 
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X 
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X 

X 

X 

X 
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X 

X 
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X 

x  -  No  Data 
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SOUTH  ASIA 
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AREA 


BARBADOS 


tabu:  NO.  2 

TOPOGRAPHIC  AND  PLAN! METRIC  MAPS 


PERCE  il  AND  DAT K  O*  LATEST  COVEPACE 


LAfcU  SCALE 


MEDIUM  SCALE- 


II  AO  0'»  t  LAPLEKi  HI  SO.OOl  .  |  ;or,  QOO) 


SMALL  SC  A  LI 
II  JOO,  (Kfl  I  Hf>0  WO 


BARBADOS 


MAIN  KCLUNCj  AGENCIES 


(II  Directorate  ad  Overaea*  Survey* 
Kiniitfl*  Road,  Tojvrorth 
Sorbuoa.  Surrey,  Eo|Uad 


The  targe  Male  mapping  coattitt  ad  O.O.EMrtt*  £749  (*4)S)  at 
I :S0, 090  completed  sa  1440  and  D.O.  S  un»i  E  9412  at  1:10, 0C0  completed 
to  1456 


Catalog  od  Map*.  Geodetic  aad  Topographical  Survey* 
Directorate  ad  Over****  Survey# 

Ktofitaa  Road,  Totwortfc 
Sorbitoo,  Surrey.  England 


AREA- 


BOLIVIA 


TABLE  MO.  I 

AERIAL  PHOTOGRAPHY 


PERCENT  AND  DATE  CF  LATEST  COVERAGE 


LARGE  SCALE  I  MEDIUM  SC  ALE  I  SMALL  SCALf 


M  10.  fxjo  AND  LARGER)!  *1  10.001..  W.  000 1  |U  JP.COI  ANu  SMALL!  R » 


0.11  I  1942 


t%  I  mi 


Ml  I  1944 


BOLIVIA 


MAIN  HOLDING  AGENCIES 

fl!  laiUtde  Geografico  Mill  tar 
Miraflo  tea 

La  Pa*,  Bolivia 

(2)  YacwmeStoe  Petrolifero* 

Fiacalee  Bolfmaa* 

Eiiftcio  TPFB 

La  Pa*.  Bolivia 

The  photography  «•  for  toe  moat  part  at  a  scale  of  1:40, 000.  There  ta  eery 
little  Urge  ccale  pictography.  The  0.  I*,  indicated  i«  at  I:»,  000  of  the 
municipal  area  at  La  Pa*. 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


AtwcCated  Sndee  cd  Aerial  Photographic  Coverage  a&d  Mapping  o'  Tocography 
and  Natural  Resource*  <d  Bolivia:  Natural  R«m*ct«  Vtat.  Dept,  of  Economic 
Affa.ra,  Pan  American  Oman.  Wiehiagton,  D.  C.  20004,  1944,  14p. 


.  t 

1  ,t,l  )  •*  2 

B^L»VIA 

TOPOGRAPHIC  AND  PlANIMtTRIC  MAPS 

MA  \  IM*i  I);  V.  V  K  .<  D  4 

(I)  1a* tit uc o  Gcogrifico  Mllitar 

Mi  radar** 

La  Fax.  Bolivia 

(2)  Yacirmentos  Petrolilero* 

Fiscal**  Boliviano* 

Edtficio  TPFB 

Ls  Pax.  Bolivia 

ftw  IGM  (1)  lent*  u  projKted  mil  cor* *  *11  current  end  potent**!  :rm  of 
economic  development.  This  include*  the  »4ir*  country  tucp  for  the  ttom 
|j«U<ul»  near  the  Paraguay  and  Bran!  twrrtrn.  The  rttHindtr  <4  the  cour.f-y 
ti  Khtdtkd  (or  iovtr*t*  at  12S0.00C. 

There  is  ais  old  IGM  eerie*  *1  1:250. 000  vheit  «ui  compiled  between  19)9  and 
1951  from  field  rrc ormai* ucc«  twi  other  map  source*.  It  cover*  moat  or  al! 
of  the  country,  bet  i*  not  considered  is  this  table. 


Hf-SI  SOifl'  5  OF  ADDITIONAL  4  MOB  I.  DETAILED  IMOfrMAHON 


Asoriated  Index  at  Aenal  Photographic  Coverage  sad  Mapping  of  Topography 
and  Natural  Resource*  of  Bolivia:  Natural  Resource*  Unit.  Dept.  of  Economic 
Affairs.  Pan  Americas  Union.  W**htngto«i.  D.  C.  20004.  1944.  14p. 


**\.\  MOLDIN'.  A'  )*,«  *b 

(1)  Departamento  Nacional  d*  Geolog  £* 
Amifi  14  d*  Julio  No.  1749 

CasiUa  Corree*  2729 

La  Psx.  Bolivia 

C2)  Tnobiestoi  Petrol&sro# 

Fiarales  Bolfvianos 
fUfcftcto  TFTB 

La  Pax.  Bolivia 

Although  there  has  bees  a  large  amour*  of  geologic  mapposg  by  various  priest* 
oil  companies,  vers  little  of  it  is  available  to  the  general  public.' 


ill-SI  501  Hi.  L  O?  ADDITIONAL  4  MOKE  DETAILED  INFORMATION. 


Annotated  Index  of  Aenal  Photographic  Coverage  and  Mapping  <f  Topography 
and  Natural  Resources  of  Bolivia;  Natural  Resources  Oat,  Dept,  of  D«e*mt 
Affairs.  Pan  Americas  Union.  Washington.  D.  <* .  260C4.  1944.  14p. 


AREA 


BOLIVIA 


TABLE  NO.  4 


SOILS  AND  UNO  CAPABILITY  MAPS 


AREA: 


BOLIVIA 


TABLE  so.  s  ytenAHON.  LAND  use. 
ECOLOGY  AND  fONCST  {NVfNTONY  MAPS 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


SMALL  SCALE 
1  25.001  .  1  100.000)  I  (1  100.001  -  1  50ot  COO, 


<1  25.004  h  LARGER) 


EE5BCS3 


3SE5HSB3ES^I 


(1)  Servicio  Agrlcola  Interamericaao 
Colon  290 
Ls  P«,  Bolivia 


PERCENT  AND  DATE  07  LATEST  COVERAGE 


GE  SCALE  I  MEDIUM  SCALE 


|1  25.C9C  4  LARGER)  |  11  25. 001-1:  l».  000) 


SMALL  aCALC 


0:100.0-31  AND 


MAIN  HOLDING  AGENCIES 

’1)  Servicm  Agricoia  Snteranserhcaao 

MiMitciio  de  AfTicdtws.  Gsaif..**  J  Colon)  xaevon 
Colon  290 
L>  Paa.  Bolivia. 


Nearly  all  land  capability  maps  are  at  a  scale  of  1:40.000  based  on  *er»  - 
controlled  pkoto -mosaics.  They  are  basically  working  instruments  for 
colon! xatsen  activities,  and  oo  not  exist  in  published  form. 


Virtually  no  mapping  ce»  these  selects  for  Bolivia.  SAl  ft)  tlsic  parties 
performed  a  forest  inventory  with  their  land  capability  trrrcy*. 

A  Map*  Fitigeogralftco  dc  Bolivia  (Ayroxaaaada|  e*»  reprodsecd  in  blaeprtst 
by  lK .  SAl  in  1943  at  the  scale  of  1:2.000.004  showing  14  (cappsg  «nt4. 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


Annotated  Index  of  Aerial  Photographic  Coverage  ana  Mapping  of  T  ypography 
and  Katsral  Resource*  of  Bolivia:  Natural  Resource*  Unit,  Cvg*.  <#  F«'=bcmic 
Altai  ro.  Pan  American  Union,  Washington,  i  20004.  1944.  I4p. 


[  m  l  S5S  E  JI  aaSBOTE  rireagfilM 


naotated  Index  of  Aenal  Photographic  Coverage  and  MrppSrS  «f  Typography 
sd  Natural  Resources  of  Bolivia:  N*twr*l  K* source*  Ucs*.  *9*p*»  sf  Economic 
Sun.  Pan  American  Union.  Washington.  0.  C.  200C4.  1944.  14p. 


TABLE  NO.  * 


StAZtl 


AERIAL  PHOTOGRAPHY 


PERCENT  AND  DATE  OF  LATEST  COVERAt  fc 


LARGE  SCALE  I  MEDIUM  SCALE  1  SMALL  SCALE 


( I  :0,  WOU  AVD  LACC.TR)  J  i  i  .C. 001-1  ».  <L  0)  U  ifl,  00  2  AND  SMALLER) 


MAIN  MOLD! VC  ACENCIL* 


(1)  Cc«iclL>  iiKHMi  d«  G»o^uiu 
Ultitalo  StMtkiro  d*  Geeg  rails 
*  E*U!&UU 

Af.  Franklin  Roosevelt  IM> 

Rio  de  imue,  8i«tU 


(2)  Dir star is  da 

Servigo  Geoifrtficc  do  Ennrctto 
fcua  Utjor  Dumci,  91 
Pr*f»  Muw 
Estade  GwuUrt, 

Brasil 


About  ?  VC  of  Brasil  has  b«is  mtrtd  by  some  form  of  rtitlcsl^untd 
ph«»4r*pJ»y.  A  email  map  produced  by  «|«acy  (1)  indicates  that  virtually 
aU  of  thrn  Northeast  tad  South  nro  c<v«rt4  by  small  seals  photography. 

The  most  important  project  non  underway  U  one  betag  carried  out 
by  tbs  U.S.  Air  r arc*  w»  ccoperaticn  *4th  tbs  Sruillu  Government,  designed 
to  produce  1:40.  000  seals  coverage  of  all  territory  south  of  14*5  sad  cast  of 
M’W.  This  »**  reported  to  be  Mfi  complete  as  of  October,  I9ti, 


BEST  S3VBCE  OF  ADDITIONAL  h  MORE  DETAILED  INFORMATION. 


Annotated  lads*  of  Aerial  Photographic  Coverage  sad  Mapping  of  Topography 
and  Natural  Resource*  of  Brutl:  Natural  Resources  Call,  Dept  of  Economic 
Affairs.  Pan  American  Union,  Washington  O.  C.  20006,  1945,  Mp. 


TABLE  VO.  2 


IlOPOGRAPHIC  AND  PlAHlME^iC  WAPS 


1  ABLE  NO.  1 


GEOLOGIC  MAPS 


PERCENT  AMj  DATE  Ol  LATES f  COVERAGE 


PERCENT  AND  DATE  Of  I-VTL57  COVERAGE 


LAR\#E  SCALE 
*.  W  K“  A  LARGER, 


MLDILM  SCALE 


MAIN  HOLD!  ia.  Av.EVt  IES 

it}  Ccasslbo  Bn  Clonal  4«  Gecgrati* 

brUto^  &m«Lu?  d*  wt^rciu  •  Uutititu 

At.  5  raahlia  Ko«.*>  l  lee  {2}  Director**  do  S*rntt>  Geograac*  do 
Rk>  <U  Janeiro.  Brasil  EsercUe 

R us  Mijot  Daemon.  91 
Pra^a  Mans* 

CtUfe  G^naban 
Brasil 


REMARKS  Tfc*  satire  country  **  covered  by  a  1:1,000.000  maps  s «n« 
ant*  100  meter  Coal  our  tat*  reals,  psblisbed  by  agency  (IK  Approaimately 
tS'i  «f  tU  country  is  covered  at  1:500.000  etti  coverage  over  additional 
areas  at  »:2M,0W. 


LARGE  SCALE 


OCtMUM  SCALE 


SMALL  SCALE 


5'  y»'  .  I  iAO.GC'lt  I  1 5  giO.ftOI  .  1*1.  WW.liOO} 


MAJN  HOLDING  AGENCIES 


(1)  OapMumisto  TUcliaM  da  Pradecae  Mineral 
Mausterto  da  Agriculture 

Riv  d*  JiBtUo.  Brasil 

(2)  Coneelho  Nac vocal  d»  Gcbgrafla 

laatffato  BraaUetro  de  Geograffik  7  Eatat&Uca 
Av.  F  r  nfclia  Roosevelt  i44 
Rio  e  Janeiro,  Brasil 


RE*  .ARKS  The  active  country  U  covered  at  a  seal*  af  1:5, 000. 000  on  a 
'  -serai  geology  map  published  by  agency  (1)  fa  1940.  There  is  a  great  deal 
«4  mapping  at  scales  ranging  from  1:5,  000,  OOO  to  1:200.000.  Work  in  process 
in  1942  included  a  joint  project  by  agency  {1}  and  another  agency  to  compile 
a  1:1,  000.  000  geological  series  for  the  entire  country. 

Very  little  iu  ge-ecale  mapping  has  been  done  in  Brasil 


REST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


Ajwotetvd  lade*  of  Aerial  Photograph*  Coverage  sad  Mapping  of  Typography 
and  Natural  Resources  o|  Smell:  Natural  Resource*  Vail.  DepL  «4  Eceswetuc 
Affairs.  Pan  American  I'aLs.  Washington,  T.  C.  200C4.  1945,  1*R 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


Annotated  lades  <f  Aerial  Photographic  Coverage  and  Mapping  of  Topography 
and  Natural  Resource*  of  Brasil:  Natural  Resources  Unit,  DepL  of  Economic 
Affairs.  Pan  American  Union,  Washington.  EL  C.  20004,  1945.  Sdp. 


tabu:  no.  t 


soils  Amu  UNO  CAPABIU  TV  MAPS 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


LARGE  SCALE 

MEDIUM  SCALE 

SMALL  SCALE 

MEDIUM  SCALE 

SMALL  SCALE  < 

<1  25,000  6 

LARGER! 

*  23.001 

MOO.  000» 

u  100.001 

t  99U.6P6! 

U  29.000  6  LARGER! 

<f  25.001-1 

100. 0061 

II  100.001  AND  SMALLER 

1% 

1961 

1% 

1964 

1964 

1% 

19*0 

IS 

1960 

19% 

1962 

. . . 

MAIN  HOI  DING  AGENCIES 
(I)  QirtMo  Pcdvlogia  *  Fcrti<U4*  do  Solo 

C eat  so  Niciond  de  Euteo  «  PcXjau««  Agronomic** 
UkltuVvi  da  Agriculture 
Xic  de  Jaaeiry.  Brasil 


REMARKS  Major  maps  ol  the  eatir*  couMry  ru|'  iq  scale  from 
1:15.  000. 000  to  1:5, 000.  GOO.  Maps  r  sag  tag  in  scale  from  1:5,  000.  000  to 
1UOO.  GOO  cover  portions  of  the  coustry. 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION: 

Annotated  ted«  of  Aerial  Photographic  Coverage  aa4  ptaig  of  Topography 
and  Natural  Resources  of  Brasil:  Natural  Resources  Doit,  Dept,  of  Economic 
Affaire,  Paa  American  Union,  Washington.  D.  C.  20004.  1965.  34 p. 


ARrA- 

BRAZlL 


table  no.  3  v£G£TA7iO?t  LAND  USL 
ecoiocv  AND  FOREST  INVENTORY  MAPS 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


MAIN  HOLDING  AGENCIES 

(!)  CoaselHo  Naciunal  de  Geogralia 

JnsUtuto  Brasiletro  de  Ceograft*  c  tiUainni 
Av.  Frankies  ttooeeveli  166 
Rio  de  Janeiro,  distil 
(2)  Service  Flott.ul 

Munster  to  de  Agriculture 
Jardira  Buimco 

Rio  de  Jaaeiro,  Eatado  da  CnsaaharA  Brasil 


REMARKS  Among  the  belt  email  scale  vegetation  maps  «fe  the  M>p» 

F wor eoerafico  do  Estado  de  Parana  at  1:2,  ©00.  000  by  Retfhaard  Mas ck.  « 
phytogeographicai  map  ui  Ptrumbuto  «;  1:1,  rW.  0O0  bated  so  air  pbeso 
talerpretauoa,  and  several  maps  at  1:5,000.000  published  by  agency  ft}.  Tssi* 
wa«  an  Anitas  forest  inventory  m  which  17.  009.  000  hectare*  *4M  mapped  at 
s  preliminary  scale  of  1:40,  000  and  publishers  at  1:2,  000.  CC0.  between  1952 
and  1961.  Aside  from  the  preliminary  map*  at  1:40.  9l>0.  there  are  no  out- 
staadasg  medium  or  large- scale  vegetation  map*  lb  Brasil- 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 

Annotated  laden  of  Aerial  Photographic  Coverage  and  M*WU*g  ol  Topography 
and  Natural  Resources  of  Brasil:  Nature.  Resources  Unxs.  Dent,  of  Economic 
Affairs.  Pan  American  Union.  Washington.  D  C.  200 0t>.  19*5.  34p. 


AREA: 


TABLE  NO.  1 


BRITISH  GUIANA 


AERIAL  PHOTOGRAPHY 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


LARGE  SCALE 

MEDIUM  SCALE 

SMALL  SCALE  | 

11  10. 0C^  AND  LARGER! 

(1  iC.OOi.l  50.0001 

15% 

1961 

MAIN  HOLDING  AGENCIES 

(I)  United  St*  tea  Army  Map  Service  (2)  Aeronautical  Ckrt  6  Jaformatio* 

6500  Brookr  Lace  Center 

Wash  sgtoa.  D.C.  925  United  States  Air  Force 

2nd  6  Arsenal 

St.  Lodi,  Kit »o art  63110 


BRITISH  GUIANA 


KEM»K$  Aerial  photography  at  a  scale  of  1:68,000  being  flows  for  the 
Army  Map  Service  15%  complete  a*  cf  2961. 

Trl  mete© gen  photography  at  c  seels  eg  1:40,009  taken  between 
19*2-1947  also  ntiU  for  approximately  kali  af  British  Cdhis 


BEST  SOURCE  OF  ADDITIONAL  »  MORE  DETAILED  INFORMATION 
1.  lads*  of  Aerial  Ftotpgrafddc  Coverage:  Photographic  Records  sod 
Service*  Division.  Aerooaettcei  Chart  and  lafovmatioo  Cezder, 
United  State*  Air  Force,  2*d  4  Arsettsl.  Su  Louis.  Mo,  631 18 


AREA 

TABLE  NO.  I 

BRITISH  HONDURAS 

_ _ i 

AERlAi  PHOTOGRAPHY 

PERCENT  AND  DATE  Of  Ul  UT  COV1  RAGE 


LARGE  SI  ALE 

U  iO.OOy  AND  LARC  ER» 

MEDIUM  SCALF- 
Iti.UOi-i  10  000) 

SMALL  SCAl  E 

ti  JO.O0I  AND  SMALL!  R, 

40% 

IW 

100% 

1947 

MAIN  HOLDING  ACE^CIB 
(IV  A«ro  Service  Corporation 
HuU<>«l|ihu,  PcwiiyluaM 
(2)  AtrouutKii  Chart  md  Mormttna  Center 
Uautd  State*  Air  Fore* 

2nd  A  Artemi 

St.  Louis,  Mo.  6)11* 


REMARKS 

Small  scale  coverage  it  enmetrogon  photography 


BEST  SOU  ACE  OF  ADDITIONAL  l»  MORE  DETAILED  INFORMATION 

Index  of  Aerial  Photographic  Coverage 

Photographic  Record*  and  Service*  Division 

Aeronautical  Chart  and  Information  Center 

United  SUtea  Air  Force 

2nd  and  Arsenal 

St.  Louis.  Mo.  6)118 


AREA 

BRITISH  HONDURAS 


r ABLE  NO.  i 


GEOLOGIC  MAPS 


PERCENT  AND  DATE  OF  LATEST  COVER  ALE 


LARGE  SCALE 
c  I  SO.  600  AND  LARGER 


KtEDIUM  SCALE 
I  SO.  G*'  -  »  2*0.0091 


SMALL  SCALE 
( !  2*0  001  -  1  j  r*>  ■  »*>**t| 


MAIN  HOLDING  AGENCIES 

(I)  Directorate  of  Oversea*  Survey* 
Kingston  Road.  Tolworth 
Surbiton.  Surrey.  England 


Small  scale  fc»,  ts  D.O.S.  (mi sc . )  241-K  at  scale  of  1:1.000.000 


BEST  SOURCE  OF  ADDITIONAL  6  MORE  DETAILED  INFORMATION 

Catalog  of  Maps,  Gsod-oc  and  Topographical  Surveys 
Directorate  of  Overseas  Surveys 
Kingston  Road,  Tolworth 
Surbiton,  Surrey,  England 


AJ*  E  A 

BRITISH  tfOHDURAS 


TABLE  NO.  2 


[TOPOGRAPHIC  m  PUN! METRIC  MAPS 


PERCLVT  AND  DATE  OF  LAtESt  COVERAGE 


LARGE  SCALE 
U  *0  ci«>  4  LARGER) 


MEDIUM  SCALE 
U <  vo  ec>  -  }  j00. oouj 


!  »**«♦ 


SMALL  SCALE 
(i  100.  00 1  i  ViO  000) 


100% 


MAIN  DPLPlVG  M.ENCIES 

ft)  Dirsctorate  of  Over  teas  Survey* 
!*  tags*  on  Road,  Totesrtb 
Sarbr.xi,  Surrey,  England 


Large  scale  mapping  is  D.O.S,  eerie*  £  *1’  (misc.)  • 

Small  scale  mapping  is  at  1:250, 00A.  D.O.S.  6490  eerie*  E5S1 


BEST  SOURCE  Of  AjMMT IGNAL  L  MORE  DETAILED  INFORMATION 

Catalog  ->f  Maps.  Geodetic  and  Topographical  Surveys 
Directorate  cf  Orrraea#  Survey* 

Kingston  Bond.  Tttluorth 
Surbiton.  Surrey.  Eogu-od 


AREA: 

BRITISH  HONDURAS 


TABLE  NC.  4 

SOILS  AND  UNO  CAPABILITY  MAPS 


PERCENT  AND  DATE  OF  LATEST  COVEAACE 


LARGE  SCALE 
(  '1.006  h  LARGER) 


MEDIUM  SCALE 
1  2). OCT  -  1:100,000) 


SMALL  SCALE 
It  109.001  -  1-500.  COO) 


MAIN  HOLDING  AGENCIES: 

Ifl)  Directorate  of  Overseas  Servey* 
Kingston  Rond,  Toleorth 
Surbiton.  L array.  England 


mo 


REMARKS 

Soils  coverage  consists  of  2  sheets  at  1:250.900  by  D.O.S.  Series  (Mi sc. ) 
241-A 


BEST  SOURCE  OF  *P$mOHAL  A  MORE  DETAILED  BgggM^Bgg? 

Catalog  of  Maps.  Geodetic  and  Topographical  Surveys 
Dirscfe.  rat*  of  Overseas  Survey* 

Kingston  Road.  TeHvertb 
Surbiton,  Sarrey,  England 


379 


GEOlO&tC  MAPS 


S0*iS  A*6  UNO  C AMIIU  TV  MAPS 


H.aCKM  AM>!»Al».UJ  LAtEi!  J 


« >1  .  '  i.i  .  * 


•Alto E  SCALE 


MEDIUM  S <  ALL 


SMALL  M-ALI 


(  >  50  M/l  AND  lAKCKRllM  S6 .00*  .  *  £5{»  90" 


MAIN  HOLDING  ALl  SC  )LS 

(l)  Scrvtclo  GeologJco 

NicioimI  Mimr  y  Pftrolfoi 
Ciudad  UnivtrdUrtt 
Etofd*,  GoUw.bu 


Since  1956,  th#  >GN  (1)  ha*  twee  publishing  *  1*200.  000  senes  entitled  Map* 
Geolcfoco  de  U  Republics  A*  Colombia,  ol  which  5  sheet*  had  b«ra  pub?'.*  had 
a*  of  1965. 

!n  1962,  the  SGN  published  «  1:1,500,000  geolog  .i  map  of  the  coantry,  compiiee 
frwi  pitblitM  and  unptihliik*^  «»irce«.  It  portray*  geologic  ere*,  prnoit. 
and  mijor  lithologic  type*. 


\\  J  19*2 


*  w« 


*<6*  J  J$4.  j  1965 


C)  S«l»  D»put«iw!  L  Fernanda  trnttit  Jr.gealero 

bitrtKto  Ocoftifuo  Age«iu>  Codes s>  Agrdc^mo 

Carrera  50,  No.  96-V1  Carrera  29*  No-  56*56 

Ciudad  Uwirun*  fhigotl,  C okunh;* 

5o|(«(.  Colombia 


FAO  it  carrying  -»sA  a  Specie!  Fa4  project  to  make  a  ia«aai»UM«  Mil 
survey  of  the  UtfiM  Ortestales,  to  result  in  the  production  ci  a  oeries  of 
1  iii 0, 000  soils  map*'  In  addition  to  60s,  the  nwe  extensive  and  important 
rrtosMiruiM;*  studies  are  those  ol  th*  Rfo  Magdalena-  Ptcttu  Colombia  regie*. 


BEST  SOI?  MCE  Ol  .*  DPI  f  1QNAL  <.  MOttL  DETAILED  INFORMATION 

tisnoUtrd  Index  of  Aerial  Photographic  Coverage  and  Mapping  of  Tcpographv 
a»a  Natural  Resource*  of  Colombia:  Natural  Resources  ”"it.  Dept,  ol 
Z.  osomic  Affairs,  Pan  American  Umon,  Washington.  D.  C.  1K36,  1963, 

!6p. 


OES:  hOU^f-E  Ol  AD  »mO\\L  6  MOM  DEI  AILED  INFORMATtO*- 

Aonetsted  Index  of  Aerial  Photographic  Coverage  and  Mapfuog  c*  Topograph/ 
and  Na*ur«l  Resources  of  Colombia:  Statural  Resources  Unit,  Dept,  ol 
Economic  Affairs.  Pan  American  Union.  Washington.  D.  C.  20006,  1 46 3, 

16p. 


table  KO,  5  VEGETATION.  LAND  USE. 
ECOUOGY  AND  FOREST  INVENTORY  MAPS 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


LARGE  SCALE  MEDIUM  SCALE 

(I  26.000  h  LARGER)  -J  25.001-1:100,000) 


I  SMALL  SCALE 
(1  IOC.  001  AND  SMALLER 


MAIN  KOt -PING  AGENCIES 

{))  Sec  cl  oca  dt  Estudio*  Ecologico* 
Soil*  Department 

lA«titvit3  Geografi  co  Afuitir  Co dare 
Carrera  30,  No.  45-51 
Ciudad  Uaiversttana 
Bogota.  Colombia 


A  small  amount  of  vegetation  mapping  has  been  done,  but  there  te  presently 
no  agency  with  sufficient  fusuls  to  carry  out  the  vast  amount  of  work  necessary. 

Agency  ' ’)  wit  completing  an  ecological  map  of  the  country  at  1:1.000,009  in 
196  5,  using  the  ivH*m  of  HoWrldjs.  It  era#  to  he  published  a*  funds  became 
available.. 

Some  land  use  Information  Is  correlated  with  soils -mapping  units.  Land  ate 
mapping  a*  such  is  not  *a  evidence  in  Colombia. 


COSTA  SICA 


•grapby 

f 

963,  16p. 


BEST  SOURCE  OF  AJPOTTIDNAL  6  MORE  DETAILED  INFORMATION 

Annotated  Index  of  Aerial  Photographic  Coverage  and  Mapping  of  Topography 
and  Natural  Resource*  of  Cokenhta:  Natural  Resources  Unit.  Department  nl 
Economic  Affairs,  Pan  American  Union.  Washington.  D.  C.  20006.  1963,  I6p. 


381 


A*  t  ft  \t/.  . 

aerial  photography 


H>A 

COSTA  RICA 


1ABU  *.b  4 

TOPOGRAPHIC  ANO  PIANIMETRIC  MAPS 


(j  j>a  1 1  la  :  Lb  I 


t'ft  l«<  ft  M  AM<|JM»  Oft  IJWI.NT  CCA  ftPAt.F 


bM  vLL  SLALft 
i  .-i  LOt  AND  SMALL! 


UE$T  SOtk<  I  Oft  ADDITIONAL  4  MOHft-  Dt T  AILED  INft OH  WAT  JON 


Annotated  Index  of  Acrtll  IAo(afr*plu{  C<nrtr*(*  ud  of  Topajrtpfcy 

c nd  v*ti*r»l  Rtcottrcv*  at  Cost*  Rica:  Natural  RdMicfi  Unit.  Dept,  at 
Etoc^nic  Aftairs.  Pan  Anertcao  Union,  V«itua|t4n,  D.  C.  20006. 

I<»65.  U  p. 


LAPJ  ft  V  U 
'  i  <'i  •*!>..  ♦  J. AIM. ft  Kl 


Ml  Ml  M  SC  A  Lft. 

•j  in >  i  :  i (Ki.ooo 


SM  A  .  I.  St 

i  10*1  on  i  j  sou  flirt# | 


MAIN  HOI  SUV.  AC.ft.NC  Ift.S 

l)lntl<latv  Geograftco  d*  Co.'a  Rica 
de  Trtniporu* 
Apartado  in l,  Saa  Jont 
*>C  Petr  ole  ra  de  Coata  Rica 

Saa  low 


A  series  of  i  :iy.  000  sc*]*  topographic  maps  la  ut  product  »<>■  that  w*H 
coear  the  entire  county.  Apncy  (I) 

Agency  (I)  ha*  also  published  a  three  ahect  map  of  Coata  R a<*  at  a  scale  of 
1:500,000  and  many  mwvor  ciril  division*  a*  1-50, 060. 

Agency  (2)  has  produced  an  •wpubaisfcrd  wfwi  of  platumetnc  map*  at  a  scale 
of  1  40,  000.  It  cover*  most  >A  the  <«rvn try  vaat  of  44*W  iongit'ode. 


l.ftit  SCt'RCF.  Of  ADDITIONAL  f  MORft  PET  AILED  FORMATION 


Annotated  Index  of  Af*ui  Photographic  Coverage  and  Mapping  of  Topography 
and  Natural  Resource*  of  Coata  Rica;  Natural  Rtutrcri  Unit.  Dept,  of 
economic  Affair*.  Pan  Americas  Union,  Washingtons.  D.  C.  20C06. 

1%5.  14  p. 


A  u  ft  A 

COSTA  RICA 


/  kr.‘ 

COSTA  RICA 


SOUS  AND  LAND  CAPABILITY  MAPS 


it  l'<  I  '  I  A  vj>  a/  ll  t  ft  LA  1  ft-h 


Si  All 


**  ••  AM» 


PtPCft.^1  AND  DA  »  ft.  OF  LATEST  CO.ftPM.L 


iWML  SC  ALft. 


v  *  in  mn.uiv_  *  ft  .<  i  s_ 

lift  Institute  Crografico  d*  Costa  Rica 
Minister vo  de  Transport** 

Apartado  2272,  San  Jose 

(21  DeoartaznrMo  -it  G+o\o*{m,  Minae  y  FVtrdieo 
Mtalsterio  As  fcsdv  tnst 
San  Jose 


VfOt-.M  S<  ALE 

SM  « LL  SCALft.  1 

t  2*.'»" 

i  V.  k*'*A» 

I!  1>’,0C  - 

J  50#  *  00f 

15% 

1964 

(00% 

1%4 

MAIN  IIOLDIM.  At  iENCIES 

(1)  DepArtatnento  de  Con** rvac i<i\  de  Soeloa 
Min leterio  de  Agriculture  y  Ganadcrf* 
Edificvo  Marshall 
San  Jose 


(2)  FacsUad  de  Agronomla 
UiuwrsMlad  de  Costa  Rica 
Cmdad  Unlverstxaria 
Saa  Jo *4 


HI.  Institute  de  T terras  y  Cdonuait^n 
Edificio  Posueto 
San  Joed 


THe  united  States  Oolu,  «I  Survey  pobln-hed  the  "Geological  Map  of  Central 
America  in  td*»7  at  a  sca*e  of  1:1,000.000.  It  is  one  of  tie  major  -ologic 
mare  of  Casta  Rica. 

>t  the  wet  time  there  «»  no  national  geo! of*,  mapping  program  in  'rn, 
Rite.  foods  «.sv*  been  requested  t»  .  epport  a  1:%.',  000  geologic 

sene*. 


To*  geverumeet  agencies  ( - >«ad ( 5) are  not  involved  in  *  systematic  soil 
mapping  program.  However,  agency  CM  conduct*  a  mapping  program  *nth 
its  colonisation  project* 

A  lowd  capability  mar  of  the  country  was  published  at  a  scale  of  1  rSOO.  000 
in  1964  by  the  Organisacido  d*  las  Nation**  Uni  das  para  la  Agriculture  y 
la  Alimcntacto* , 

unpublished  rryitt  •  acd  maps  are  available  at  agency  (2). 


lift  b  I  *>  kt  ft.  <*ft  MimtUiNAi,  a  Mi»ftft  DtlAIUD  INFORMATION 

Annotated  Index  d  Aerial  f^tograpftut  Coverage  and  Mapping  of  Topog.aofcy 
and  Natural  Resources  Cost*  Rica*  Natural  Resources  Unit,  Dry*,  of 
Ccovomic  ALairs.  FYn  Am*#*car_  Union.  Washington.  D.  C. .  20^0t, 

1^5.  14  p. 


Rest  soupf  t  or  additional  a  more  detailed  information 


Annotated  Index  of  Aerial  Photographic  Coverage  and  Mapping  of  Topography 
and  Natural  Resources  of  Costa  Rica:  Natural  Resources  Cafe.  Dtp.  of 
Economic  Affairs.  Hsa  American  Onion.  Washington.  D.  C.  ,  20004. 

1*69.  14  p. 


Dominican  nr.Pt  hu.:  I  $QIIS  ANO  LAND  CAPABILITY  MAPS 


AREA  I  TABLE  NO,  ^  VEGETATION,  UNO  USE, 

DOMINICAN  REPUBUi  I  ECOLOGY  AND  FOREST  INVENTORY  MAPS 


PERCENT  AND  DATE  Ol  LAI  ESI  COVERAGE 


PER<  ENT  AND  DATE  OK  LATEST  COVERAGE 


MEDIUM  SC  Al  t 


SMALL  SC  A  LI 


n  i*.  60b  4  LAR<>L»I 


•U*>.GOO}  I  12  IOC  00 1  I  SOo  (  *>’ji 


MAIN  MOLDING.  AGENCIES 


$11  Corpoiuion  AiocAitrt 
Santo  Domingo,  D.  N« 


(I)  U  Grmii*  C«np*ny 
Sant-  0«w>ib|«>,  D.  N. 


LARGE  SCALE 


MEDIUM  SCALE 


ft  £S  000  4  LARGER)  I  1 1  Z*.  0*1  - 1  i©Q.  £KW» 


SMALL  SCALE 


ft  100.001  AND  SMALLE 


MAIN  HOLDING  AGENCIES 

{.»  InttittsiD  C«rti^rrKO  I'nivrriiuno 
Ullt  Et  Coisde  S. .  Z 
SttJu  Domingo.  D  N 


f  II  Central  U  Rrmtu  Corp. 
L«  Seiflx* 

Reaubhc 


All  ci  «»)i  ii»r‘*y  work  of  thii  country  hs*  two  done  by  tk*  *a|<r 
•  ompultt  on  tk«ir  cwn  Map*  «r«  «ti*ctutlf  unp<Uith«tf. 


Mapping  in  the**  Gelds  is  entrem* fy  «*»*..  Availawle  are  some  until  »ctl* 
rrcooMiiwait  cnt)>«  that  drltofilr  tarfft  or  .fg«Ution  type  tout*  and  t 
«m*H  t(«U  map  of  pMMipl  crop  arc* 5  watch  «o»«r  the  entire  country. 


BEST  SOURCE  Of  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


Annotated  Inin  o t  Aerul  Photographic  Coverage  and  Mapping  of  Topography 
and  Natural  Resources  <4  the  Donucicta  Republic  Natural  Resources  t’mt, 
Dept.  of  Economu  Afiair*.  Pan  Amaruai  fata,  tf ashingtoc.  D.  C.  19006, 
1444.  tCp. 


BEST  SOURCE  OK  ADDITIONAL  4  MORE  DETAILED  LNFORMATIO* 


AoaoUt«l  Index  of  Arrui  Photographic  Coserag*  and  Mapping  of  Topography 
and  Natural  ft<toor«.ai  of  the  Dominican  trpiUic:  Natural  Resource*  Unit. 
Dept,  of  Economic  Affair  a.  Pan  Am»m«  Union.  Washington,  D.  C.  1 0004, 
1444.  lOp. 


ECUADOR 


I  TAPLE  NO.  1 


AERIAL  PHOTOGRAPHY 


PERCENT  AND  DATE  O*  LATENT  COVERAGE 


LARGE  SCALE  I  MEDIUM  SCALE  |  SMALL  SCALE 

ft  to. 000  AND  LARGER! |  U  IC.vSl-t  W.vl-Ot  Ifi  Us. <Wi  AND  SMal.EF.PI 


j  MAIN  HOLDING  AGENCIES 

Iff!  bftiteto  Grog  rafico  Milflar 
Amtato  U6 
Quito 


l*>  Aeronautical  Chart  4  Information 
Center 

U.S.  Air  Force 
1m  and  Artma! 

St.  Louie,  Missouri  41 II* 


The  United  State*  Air  Force  i*  current  Je  photographing  the  country  at  a 
scale  of  1  AO.  000.  More  than  10%  if  this  program  ha*  been  completed. 

Older  photography  ranging  ta  seals  from  1:10. 020  to  I :?0.  000  dates  back 
ti  1*4?. 


BEST  SOURCE  OF  ADDITIONAL  1  MORE  DETAILED  IMIOMtATION 

Annotated  tod**  of  Aertal  Photographic  Cure  rage  and  Mapping  of  Topography 
and  Natural  Resource*  <4  Ecuador:  Natural  Resource*  Unit,  Dept,  of 
Economic  Alfatr*.  Pa>  American  Unon.  Washington.  D.  C.  Z3® 04. 

1444.  ISp. 


\*T  A 


TABLE  NO.  f 


A  1  A 


l  A  HI  *  \ 


TOPOGRAPHIC  AND  PlANIHETRIC  MAPS 


ttULULU,  nwr) 


PERcEN  t  AND  DAT*  O*  LATEST  COVERAGE 


LARGE  bCALE  I  MEDIUM  SCALE 


(i  50  0004  larger)  |n  so.oqi  -  1  loa.ooo* 


MAIN  HOLDING  AOlV.:ES 


(I)  bttuuia  Gto|r((KO  MUtUr 
Ami»|u  J26 
Quito 


PLRl  J.\ I  AND  DAD  Of  UILFI  (OtlKAt  f 


LARGE  SCALE 


MEDKW  S<  AU 


SMALL  SCAL) 


•vC  <*<>  AND  LARGER  il*  1 


MAIN  HOLDING  AGENt  tU 


(I)  Oimo^o  General  d*  iDcvrM*  Mine  roe  e  Htdroftrburei 
Minister  10  de  Fonver.to 
Quito 


1GM  (1)  »*  presently  producing  a  topo  map  «»n«*  of  the  coast  and  Sierra  regta  * 
At  tk  scale  of  lAO.OOT  baaed  on  a«*'a'  photog rapby.  Twenty- five  (25)  sheets 
have  been  published  others  are  ut  final  stage*.  Area  east  of  Sierra  region 
to  be  covered  at  1.100,000. 


REMARKS 

There  i»  a  very  limited  amount  of  geologic  trapping  available  for  Ecuador. 
Most  of  what  has  been  produced  is  of  email  scales  and  by  foretga  geologists, 
often  working  for  oil  exploration  companies. 


BEST  SOLACE  OF  ADDITIONAL  4  MOPE  DETAILED  INFORMATION 


Annotated  lades  of  Aerial  Photographic  Coverage  and  Mapping  of  Topography 
and  Natural  Resources  of  Ecaadf  r:  Natural  Resources  Unit.  Dept,  of 
Economic  Affairs.  Pan  American  Union.  Washington.  D.  C.  20006. 

1*64.  l«p. 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


Annotated  Index  of  Aerial  Photographic  Coverage  and  its ppiny  of  Topography 
and  Natural  Resources  of  Ecuador-  Natural  Resources  Cmf,  Dept,  of 
Economic  Affaire,  Pas  American  Union.  Washington.  D.  C.  2COC6.  1*64,  13p. 


TABLE  NO.  4 


SOUS  aWD  uwd  capability  maps 


table  NO.  5  VEGETATION,  LAND  USE. 
ECOLOGY  AND  FOREST  INVENTORY  BMPS 


PERCENT  AND  DAT  E  OF  LATEST  COVERAGE 


LARGE  SCALE 


<1  25.606  e  LARGER) 


SMALL  SCALE 


1  25.001  .  !  100.000)  I  tl  100.00*  -  1  50b.  WX>) 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


LARGE  SCALE 


MEDIUM  SCALE 


(1  25.000  4  LARGER)  |  (1  25.00*.  -1:100,  J0OI 


SMALL  SCALE 


il  *00.001  AND  SWA 


MAIN  HOLDING  AGENCIES 


(1)  Di recoon  General  de  Foment©  Torestal 
Mi  vote  no  de  Foment© 

Quite 

(2)  DessarroUo  Fcmtal  de  No  roc  entente 
Viilttuftsc  *50 

Onto 


There  is  no  current  program  of  natimal  seal  survey,  although  some  6tU  work 
is  Vang  conducted.  The  soils  work  of  the  CNR  (2)  is  of  hleh  quality  but  erm- 
fined  to  the  agency's  irrigation  project  which  coexists  of  relatively  small  areas. 

The  "C  (  M  doe*  sar&e  soils  mapping  as  a  ©art  of  Us  program  in  colonising 
virgin  *r«t*. 


The  DOFF  (l)  and  the  DFN  (2)  Ua-e  sujir  programs  at  f  id  invest) gatioo  a 
mapping .  The  major  project  to  date  has  been  the  corny  .lation  «i  the  Map* 
Ecologico  Prelimmar  del  Ecuador,  completed  a  1462  based  an  Holtfnig*'* 
<la*stftcatiae  system. 

(-**>©  use  at  tne  scale  of  1:2.009.900  was  complete**  m  1*4)  for  the  coast  or 
Sierra  regions  by  the  DOFF  II). 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  PF1  AILED  INFORMATION 


Annotated  index  of  Aerial  Photographic  Covefagi  and  Mapping  of  Tapographv 
and  Natural  Resources  of  Ecuador:  Natural  Resources  Unt.  Dept,  of 
Economic  Affair*.  Pan  American  Union.  Washington.  D.  C.  20006.  1*64,  lap. 


Attested  lodes  of  Aenal  Photograyioc  Coverage  *od  Mapping  oi  Topography 
ut  Natural  Re  sourer*  uf  Ecuador:  Natural  Resource*  Cm*.  IkyL  of 
Economic  Affair*..  Pan  American  Woo,  Washington.  D.  C.  20006,  !*44,  lip. 


EL  SALVADOR 


SOILS  AND  LAND  CAPABILITY  MAPS 


EL  SALVADOR 


IAbLE_vaj>  VEGETATION.  UNO  USE. 
ECOLOGY  Ant)  SOJEST  JSVESTCSY 


PERCENT  AND  DATE  OF  LATEST  COVERALL 


LARGE  SCALE 
II  4S.0O6  4  LARGER) 


MEDIUM  SC  ALE 


SMALL  SLA  LI 


45.001  -  I  100. OOOI  |«|  100  OOl  l  SO*.  '  l*  ii 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


LARGE  SCALE  WEPT  CM  SCALE  SMALL  SCALE 

(i£S  000  4  LARGER  »  UiS.OCl-l  100.009)  U  1 00.  091  AND  SMALLER 


MAIN  HOLDING  AGENCIES 

(H  Direction  Genera)  de  lnv»»tt|iciOT«t  A|rt»omic4i  (DGIA) 
Mtni*t*no  <i+  Africultur*  y  G«udtru 
Nufvj  San  Salvador 


MAIN  HOLDING  AGENCIES 


DGIA  (l>  ii  producing  a  inn  of  soils  m*p»  *t  1:50.000  o 4  fatir*  country.,  AU 
field  work  complitr  And  19  ())%)  sheets  published. 

FAO  of  UN  produced  •  Uod  capability  map  of  entire  country  At  state  of 
I-  *00.000  1964. 


REMARKS 

1944  Atlas  Cm. a)  ;  anum.  a  1:500.009  *r*ie  vegetation  map  by  Wiihelm  U(ur. 
In  J959  the  MIAS  published  L.  R.  Holdrtdge  %  VUpu  Ecalo*-,'t>  ae  El  Salvador 
At  the  acute  of  1  1,000.000.  1  .  1  1  — . — 


REST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 

Annotated  Index  of  AeriAl  Photographic  Coverage  And  Mapping  of  Topography 
And  Natural  Resource*  of  El  Salvador*  Natural  Resource*  Unit,  Dept,  of 
Economic  Affair*.  Pan  American  Union,  Washington,  D.  C.  13004. 

1965.  Up. 


PEST  SOURCE  Of  ADDITIONAL  4  MORE  DETAILED  DEFORMATION 

Atm^led  Index  of  Aerial  Photographic  Courage  and  Mapping  of  Topography 
and  Nature.  Resource*  of  El  Salvador  Natural  Resource*  Unit.  Department 
of  Ecoumtiu  vffairs.  R*»  American  Union.  Washington.  D.  C.  40006.  1965,  ifp. 


I  TABLE  NO.  1 


FRENCH  GUIANA 


AERIAL  PHOTOGRAPHY 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


LARGE  SCALE  I  MEDIUM  SCALE 

t.  :o.  000  AND  LARGER)  I  I  k  iC.Otl-i  JO  *»00» 


I  SMALL  SCALE  I 

I  <  S  V)  001  AND  SMALLER)! 


FRENCH  GUIANA 


MAIN  HOLDING  AGENCIES 

***  Aeronautical  Chan  and  Information  Center 
United  State*  Air  Force 
2nd  and  Arsenal 
St.  Lout*.  Mo  61116 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


lades  of  Aerial  Photofrapuc  Coverage 

Aeronautical  Chart  and  Infirmatma  Center 

Photographic  Record*  and  lervjce*  Division 

United  Scale*  Air  Force 

2nd  4  Arsenal 

St.  Louis,  Mo.  bills 


Aocut  60%  of  F rmcfc  Guiana  is  covered  by  tronetrogon  photography 
taken  betnee  a  194.’- 14*7 


- 4 


'Vi  - 

1  «*  ' 

til  AT£ MALA 

j TOPOGRAPHIC  AND  PLANIMEIRIC  MAPS 

I'Um  tM  A4l  KMI  uh  LAtUf  <  OU  HA'.t 


».AP*  1  bA  /*  1  » 

«  «  *••  ••  •  A  ,-Al“  .»  H» 

V»  lit*.  MS<  ALl 

m  sy  *in  i  no  *  it***  ■ 

iMA|  i  *>(  a  1 

40% 

1*61 

500% 

I46Q 

\ur.  HoLIMV.  At.*  St  lES 


<  I  Institute  O^rifuo  s*t  hk-*1 

Uii-t>!crio  de  Co!TimiK»<^«i  y  0^r«t  Publics* 
AvcnuU  Las  Amrriuf  5-1? 

Gu«t(tnaU 


PKMAHhS 

ION  (1)  i •  pj(4isl»at  two  topographic  map  aerie*.  o»»  «*  1  iW.OOO,  tl*  other  a 
i  *0,  COO.  The  published  sheet*  of  the  first  c««r  all  of  v*i*temala  south  of 
I4*S,  fk<  stfCMl  presently  cover*  the  S  W  ted  S  £  portion*  of  the  country 
plus  *  b»M  extending  icruit  the  center  of  the  country  nod  «  portion  of  *he 
central  Peten  rmon, 

Urge  scale  tiapt  hare  been  prepared  At  1*5,000  for  more  than  40  urban 
region*  by  the  Direct idn  General  dt  Cftmino*. 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  PgTAILhU  lx  FORMATION 

AnnotAtea  Index  of  Aerial  Photographic  Coverage  and  Mapping  of  Topography 
and  Natural  Resource*  of  GuMrimlf  Natural  Resource*  Unit,  Dept,  of 
Economic  Aftaira,  P«  Am»»icin  I'ww,  Washington,  D.  C.  2000t»,  1465,  I  3p. 


i 

i 

i 


I 


A  PL  A 

GUATEMALA 

WOIOGIC  MAPS 

AREA 

GUATEMALA 

TABLE  NO.  4 

SOILS  AND  LAND  CAPABILITY  MAPS 

»•§.*»•  »  si  a  .i>  da  i  t  r  la  i  f  s*  i «/« t  •*  \  t 

PERCENT  AND  DATE  OF  LATEST  COVERAGE 

LVRt  1  M 

A1  1 

'>L'K  '•* 

V!  !i.l  M  S«_i.  1 

SV  *  l  L  St  *L» 

LARGE  SCALE 

MEDIUM  SCALE 

SMALL  SCALE 

,  -  ■ 

11  24.000  6  LARGER! 

(l  25,001  -  1  100. 000) 

(1  100.00!  1  50o. 000) 

>'•61 

*0% 

1  ljb4 

IO0% 

1460 

_ 

1% 

1165 

100% 

1959 

MAP.  Hi  >L  DP.i  A'  1  -<  .»  b 

IU£H**«'  ‘-w  General  dr  Mineria  e  Hidr<K*rt»rcii  (  M  Institute  A* 

Ministers  de  Economi*  Electrif  .c*«.  ion 

CuitrnaU  Guatemala 

'.'IrMitiilo  Geografiro  Vacioral 

Minister >o  dr  (  <itm>mcac  i  xres  »  Obra*  Publica* 

Avemda  U*  America*  5*1? 

Guatemala 

MAIN  HOLDING  AGENCIES 

FI!  institute  Agropecuario  National 

Mtnisteno  de  Agricultura 

La  Aurora.  Guatemala 

12)  Direccioo  Genera!  dr  Recur eos  Hidraulicos 

Minttterto  de  Agriculture 

Guatemala 

MVAW-S 

In  1*61  the  DGUK  (11  and  the  Direction  Cra-nl  de  in  colUtwrition 

with  USGb,  initiated  a  joint  geologic  mapping  program  to  prodv  *r  1  240, *>00 
and  1  40  0O0  scale  geolog  -  maos.  The  mayor  purpose  of  the  program  is  the 
investigation  of  non- metallic  mineral  resource* 

REMARKS 

In  1959.  the  IAN  11!  published  a  soil*  map*  of  Guatemala  at  a  scale  of 

1*250.  000.  The  text  which  accompanies  the  map  five*  information  on  j 

soils,  climate,  vegetation,  population  distribution,  land  use,  etc. 

Both  IAV  and  DGRH  f2)  have  done  some  detailed  soil  studies,  accompanied  by 
1*10,  000  soils  maps,  aa  well  as  infiltration  and  irrigation  capability  map*,  of 
existing  or  contemplated  irrigation  project*. 

An  FAO  team  recently  completed  a  preliminary  land  capability  map  of 

Guatemala  at  1:750,  000. 

REST  SOI  Ri  L  OF  AUDI  1  ItrsAI  4  MORf  Or  TAIL!  »  INFORMATION 

BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION* 

Annotated  I'd#*  uf  Aertsl  Phot^raphic  Coverage  ynd  Mapping  of  Topograph-.* 

*fd  Natural  Reso  trees  rf  Guatemale  Natural  Resources  Unit,  Dept,  of 
Economic  Afi*trs.  Pan  Amerw  an  Union.  Washington.  D.  C.  iOOOt.  1*64,  lip. 

Annotated  Index  of  As  rial  Photographic  Coverage  and  Mapping  of  Topography 
*nd  Natural  Resource*  of  Guatemala:  Natural  Resource*  Unit,  Dept,  of 
Lonrvic  Affairs.  Pan  American  Urn  on.  Washington.  D.  C.  20006. 

1965.  1  Ip. 
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M 


x 


GUATEMALA 


VtGfTAllW.  LAND  US€. 
LC010CY  AND  FOREST  INVENTORY  MAPS 


mCEM  ANDOArtOI  LATEST  COVERAGE 


LARGE  SCALE 


MEDIUM  SCALE 


<1  iS  000  fc  lASClRf  I  (1  fS.uCi-l  iM\  0©*N 


SMA  LjL  SCA  14 

( 1  ,0 u.ojj  ANu  iMALU» 


MAIN  HOLDING  AC.EML.LS 

l  Empresa  N4i.iar.al  tie  Fi>rwnto  *  Desarrollo  Et  i'nAmt«'Hirl  Peter. 
Ministers  4f  [Vtnit* 

CitkMmtU 


The  major  f.-ra|r«m  .a  »*  *  (ofrit  c«aluAtion  pr«jt<!  brm<  tsmrd 

o«t  by  tcchmutnt  wf  FAO  It  will  covet  lb.  GOO  in  the  Department  4 
El  Ptl#n,  Huehaetenasgo,  Votamcapan,  El  (Juicha',  *ad  l«*b*5.  U  >* 
scheduled  for  completion  m  1  '*>&  or  l%4. 


BEST  SOU ft y,  Z  OF  ADDITIONAL  A  MOKE  PETAUXS  INFORMATION 

Annotate-*  I nde*  of  Aerial  Photographic  Cover %g*  and  Mavf>*°<  of  Ioi>->£ru}*hv 
and  Natural  Resource*  of  Cu^mai^:  Natural  l‘mt,  Drps.  M 

Economic  Affair*.  Pan  American  Unton.  Washt^-fton,  D  C.-  £0©G**,  1  *>5,  1  iy 


TABLE  SO.  -* 


TABLE  SO.  i 


AERIAL  PHOTOGRAPHY 


I  TOPOGRAPHIC  AXD  PLANIMETRlC  MAPS 


PERCENT  AND  DATE  Of  LATEST  COVERAGE 


LA  ROE  SCALE  MEDiCM  SCALE 

ll  10.000  AND  LARGER)  1.  st.G»U-i 


SMALL  SCALE 
il  jC.i*  *  AND  SMALLER. 


f*£B€  F.\  AND  DATE  Or  LATEST  COVERAGf 

LARGE  SCAL1  MEDIUM  SCALE 

ii  5n.CU*«L  LARGER  I  t!  SO  t>«»  .  i  <10  OMt. 


MAIN  HOLDING  AGENCIES 

(11  Satacc  fs  Or«dr»(*  *t  dr  Cartographi* 

Drpartmcat  dee  Trarm  Public* •  de»  Transport*  et  Communications 
Harry  Truman 
Pert -au -Prince,  Haiti 


MAIN  HOLDING  AGENCIES 

(11  Service  daCcodfal*  et  *i«  Cartofraptue 

Depart* meat  de«  Travaus  Public  a.  dra  Tr impom  »t  Comma»;£*tto*t« 
Boulevard  Harry  Truman 
Port-au-Prince  Haiti 


The  entire  country  n»»  Tr«n  photographed  at  a  scale  of  1:40,000  by  Hvcon 
Corp.  in  1456-57.  There  !•  also  medium  and  large  ecale  photograph,  taken 
between  14M-S7  of  a  number  of  population  centers  and  area*  of  intensive 
agriculture.  a#  well  a*  1-16,000  scale  photographs  of  the  entire  Departement 
da  Nord. 


In  1461,  the  SGC  ,1)  published  a  1: 10t,, 0CC  topographic  series  which  cov-re  the  ; 
entire  country,  la  1460-61,  it  pubL  bed  a  1-50.000  topographic  series  «*ucs  J 
covers  the  area  west  ol  longitude  ?£*  45  Between  i*54-!'<*6£,  -t  published  I 
a  i-.iS. 000  series  covering  the  remainder  of  the  leaner y  to  the  east.  j 


BEST  SOURCE  OF  ADDITIONAL  6  MORE  DETAILED  INFORMATION 

Annotated  lade*  of  Aerial  Photographic  Coverage  and  Mapping  of  Topography 
and  Natural  Resources  of  Haiti:  Natural  Resources  Umt,  Dept,  of  Economic 
Affairs,  Pan  American  Un.on.  Washington,  D.  C.  i6M‘  1*64.  I0p. 


BEST  SOURCE  OF  ADDITIONAL  6  MORE  DETAlLi.D  fNr’ORMATlON 

Annotated  !nd»*  of  Aerial  Photographic  Coverage  a»d  Mapping  of  Topof raphy 
and  Natural  Resources  of  Haiti:  Natural  Resources  I'ut.  Dept,  of  Economic 
Affairs,  Pan  American  Union.  Washington,  D.  r.  TO006,  1U4,  l©p. 
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A*tA 


AOEA 


TABLE  NC.  4 


5C:l5  IANS  CA?A5!L!!Y  «**S 


RMCtST  AMO  DATE  OF  LATEST  COVUALL 


(if*  ®0C  a  LARGER! 


MEDIUM  SCALE  I  >MALL  SCALE 
i  25.001  .  t  ioo.oooi  I  m  toe. eoi  i  5o«,  cooi 


1450  1  JOO% 


MM"%  MUUWV.  A<  .1  M  tES 

(||  &«rvu-t  OAdofit** 

Nil«r«U*«  «<  te  D*r#k«7 i*Nl  R»r*l 

D*f« ri#n. r«l  do  1  A|r»«tt>tr*.  4»»  Ro**os»rco* 

tUaxM,  PjM H«.t 


cssiiHgsagsai3i 


-  TWrt  U»»  Mrs  Iw  O*;or  |Mo|.<  f<NOftMHU«(«  ^.'oy-«<U 

carried  oat  m  Ha >t;  TW  ln-M.  1*10-1*20.  toUtH  -a  a  *00-a*to  report 
a  map  sA  wiift  cuoatvt  At  1  500. 000.  pMfeiiAJhed  «a  1*24  TSc 
•ecoad  «•«  that  at  }  Bwttr.n  >»{«««■  1*44-1*55.  H»*  report  «v  « 

1  25C.OOO  kaI*  map  ««r«  .■  I*t0. 


D»r»  »•  cut?  a  saaU  Mist  at  tatli  m^pit^  a»a*1aV _•  f*r  Hub.  u4  Mt 
»*  at  a  r»t  naiumtf  utvr*.  TW  Wo*  av«iUU«  i«iU  m  »p*  »/•  ka  - 
ttcdnaituact  tayt  «f  Um  AitibaiU  Couiitm  PUum  (I %Tb  «*4  14201. 
At  C«l-do-$a«  Plata  (1424  «M  1454).  Cbo  Ptyttlwui  da  ILH  (144)).  ard 
tW  tattrt  cmmtrf  (14551. 


ersi  soma  or  additional  *  mope  £>c  tailed  mokmatka 


A— Ktttj  i«W»  at  Arml  PK«to|rAp4u  Covtrtjt  VUffttf  «f  TafOfr«rkT 
NttiiTAl  at  Haiti  *AtarAi  Unt.  D*yt.  at  Fxmbpik 

Adair* .  Pa>  AatruM  Uk««.  VA*L«(t<A.  D.  C.  20004.  !*M.  lOp. 


BEST  SOURCE  or  ADOITIOKAL  4  MOKE  OCT.UUD  WTOKMATION 


Auobtod  iMtt  of  Aortal  fMUfTAfbc  Coverage  uf  a#  Tw.  yi^T 

•M  XatoTAl  IcHorcw  «f  Hub:  Ihbnl  Roroarce*  Oat.  Dtyc  of  -  ■  - 

Adura.  Pa*  Aatncu  U*a.  »-T* — ftn*.  D.  C.  20044.  1444.  10p. 


taole^_i  vegetation.  land  use. 

ECOLOGY  AND  FOKST  INVENTORY  MAPS 


PE* CENT  AND  DATE  OF  LATEST  COVERAGE 


LARGE  SCALE 


MEDIUM  SCALE 


4 «  25  000  4  LARGE*  >  I  1 1  25.  0C I  - 1  |0C.  005) 


SMALL  SCALE 


(I  10C  001  AND  sma 


(1)  Depart  emeaJ  do  1  A|n<«itert,  do*  tf**o»r<n  Matareile*  of  d* 
CooolopRoasoaC  Rural 
Daawoa.  P«fi*Aa-PT»a».  H*»b 


^^***^^  Vo f  y  trm  map*  o 4  tin*  typo  o*i*t  for  Haiti  Oao  of  *W  (o* 
project*  i*  L-  R-  Holdridfo**  tcotofK  t«mt.  »^k k  *ai  tompUtf  oa  tbo 
So  rose*  do  Gfodo*io  of  do  Cart^grapluo  1100.000  acalo  upo*r  »p4«  mtni 
HoMndfo'o  *f«<om  at  cU*«fKtUM  d  aortd  piaat  (ormattaa* 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


Aaa^Catod  lade*  of  Aortal  Photographic  C overage  aad  llifflf  Topography 
aad  Rataral  fo*«*rco*  of  Haib:  Natural  Ro*<mrco*  Uat.  Dopartroo**  of 
Dmmtii:  Afit.tr*.  Pa*  Arno  rtcaa  Urn  oa.  fa*B»*ft>a.  D.  C.  204C4.  1444. 
;»p. 


AREA 


AERIAL  PHOTOGRAPHY 


*W*f£ACH4ir  Aim  M  AMI  METRIC  MAPS 


LAIU.fc  ^  AU 


I  10  wuAMt  UHUH. 


*»HT  ra\f  HA. -I 


ULS'vU  Sv  'iLt 


i  •  .t.  oy . <  •  »o  w«i 


LAP^I  SI  ALL 
,  &  >  4  LA*<  ER> 


HEDIIM  Z/  K  LL 


MAIN  HGLD1V,  AGENCIES 

(It  KrKcioa  Geoeral  do  (Urto|u!u 

Uiuitfno  C<nnnwi(«ci*Mi  y  Okrti  P«U.c4i 
Ti|aC>C*iH 

(2)  !>tf«rUincMo  For  octal.  MiaiiUno  <W  >»£  «r»o«  K«Ural«« 
TtfKIflipi 

(St  Mtaitt^no  <i«  Irttirfo*  N»tw«U«,  Ter^ifalp* 


WAIN  HUJ  *XNf.  A'.ENt  1LS 


UDi*«<,io*  C<«rr«l  do  C« rtofr«fM 

Uiwmrki  do  C<xn«yc4Ci«Mi  y  OWt«  PA(k  « 
Tt|«n|«l^a 


»LMA»K5^  Tfc*  U»w4  Slate*  Air  Fore*  SrtMM  IfM  m4  l«M  pOmci*- 
|r»»W  *S»*  «%  ol  tW  c<H«tr|  a;  a  u*k  «*  |««,000.  Ma.t  <4  V«U«  and 
CM«M*  Department*  «*r*  alao  pfcotograpWd  Ay  ft*  U.S.  A-F.  0*rin* 
1*0  Md »  mi. 

A  for**l  wTnoif  prof  ram  provadod  1:26.00*  K*l<  paooography  «4  ikm 
Urf*  amt  tc  ctoiral  Haalsraa  ktl*«M  IW  aM  1%). 

Additional  1:20.900  Halt  pAooografAy  i«  pM*M<  for  approximately  17.000 
•foar*  mtlt*  locairf  atoof  tW  worth  coast  aod  ta  tW  So«cWa*tera  Section 
of  Dm  <  owntry . 


REMARKS  ®*  tat*  HM.  (ftpaa;  »acrt«  of  a  1  SC. OCO  *cal*  ..pograptec 
WJkf  HT»t  M  bm  yriai«4.  TW  Mlit*  aorta*  aul  W«*  if  *Wot* 

Haaa  Woo  Woa  na*»  to  pwMjah  a  1:2 SO.  000  acalo  aortas  »t*«d  m  tW 
t:SO.OOO  *«rt**. 

TW  Zaaa  0*  Sa  Pedro  Sola  y  La  La  -ta  :*  coortf  by  owe  aopbg  rapfctc  *W« 
at  a  a* at*  of  1  25.000  (1040) 

To*  p&aaaaootrtc  *W«t*  at  a  seal*  d  1  5.060  coerr  tW  city  jf  Ttfo  agalpn. 
Jl»44| 


IUT  SOURCE  OF  ADDITIONAL  4  MOKE  DETAILED  La*  OR  MAI  ION 


AanoOated  IWs  oT  Aortal  Phoe*grap4*<  Coverage  W  Hipping  of  Topograph* 
aaf  Mat  oral  Krtosrcr*  of  HaaMiat:  Natsrtl  R<  •oarer*  -»t.  Dope  of 
EnotBtt  Aflat r*.  Pan  Americas  tTmon.  Waafeutgto*.  D.  C.  20004. 

144S.  I2p. 


CSSRSSTLLtMr.^at  3S3  jC  5U3S5  »'»  j  j.u'mra 


A— rotated  trWr  a 4  Aortal  Pbw gfiybn  Cr*rrtf»  ad  Mapping  O  Topngraprp 
aad  Slater  a]  Krtstrert  of  HonOnraa:  Meter  al  Krtosrcti  L'rti.  Dope,  of 
EftaoMc  A  flair*,  pan  Anenraa  Union.  Washington.  D.  C.  20004.  1445.  lap. 


GEOLOGIC  MAPS 


TABLE  NO.  4 


SOILS  AID  LAND  CAPABILITY  MAPS 


PERCENT  AND  DATE  OF  LATEST  CO\r»A*.L 


LARGE  SCALE 


I  SC  <HA>  AND  LA*r.i;p 


MEDIUM  SCALE 


PUCEM  AMO  DATE  OF  LATEST  COVERAGE 


isigma 


il  25.004  4  LAO  CEO) 


SMALL  SCALE 


1  24.90i  -  1  :oc.  :as:  J  :  i«  cc:  ; 


MAIN  HOLDING  AGENCIES 


(1)  Cntrf  State*  Geological  ft 
Washington.  D.  C.  2M25 


It  EM  A  4  KS 

TWro  >t  m  goitrarto  t|**cy  r**pnn*»ate  far  goMogtc  teypng.  Ma*t  of 
teta  «ork  ha*  Wen  done  t>y  private  expteratmn  coopuir*.  w;*rr*uy  and 
con»«lung  pool  of  i  *t.  end  hy  tW  United  State*  analogical  Sarny. 

TW  *»*t  r«m  *o*nx*  <4  udarnuboa  on  tW  geology  of  Control  Amor  k a 
t*  -Dlo  Goolofto  Mittelenx r >ka « ' ,  W  R.  Wpy|.  pnh|t*hr4  in  Carltm.  1440. 


IEMA>KS  AfTKm  (1)  an d  {2)  nntr  i<5t  to*  soja  (oc^lng  a  o>i 

ttiocUt'MS  map  •*£  HkiW**.  FaUootif  catspfatrm  o'  FteS4  **rl  a*  !Ht 
a  map  at  «cal«  l. 2*2.650  -rii  4o  pohltsWd. 

M  1444  tfncttt  (2)  »*i  (I*  t9»|(c<*d  -4  CW  frt  tt> 

Pwrytui  On  I*  Tnrra  t:  a  reals  d  1.4C5.W. 


BEST  SOURCE  OF  ADDITIONAL 


Annotated  bate*  of  Aortal  PlakfftpW  Coverage  and  Mapping  of  Topography 
and  Mater  al  Aeaoarco*  of  Hondnra*:  Hataral  Booowreo*  Cnt,  Dope,  of 
Economic  Affair*.  Pan  American  Cam.  Washington.  D.  C.  2 CO 54.  1445. 
I2p. 


BEST  SCC-RCC  OF  AD2HT*OMAL  4  MOOE  DC  TAILED  INFORMATION 


AanMated  bin  of  Aortal  Coitr^r  and  Mapping  of  Ttpagtephy 

and  Rtartl  Bcnoorco*  «f  Haadijat:  KittrJ  >♦**■»* coo  Vat,  Dope  of 
Eemaaai c  tfltiii.  Par  Amtua  fe  brfin,  O.  C.  KS»t.  |44i.  12p. 


I  >  M*' 


v.  ;*wj  lap<.i*j|*.  v»*  s  »kf. 


■CAIN  HQLOtVC  M,t  SCjlji 

*  *>trMWuw  c4  O'  *  r  «4*  m  >*r*vy« 
*»*o|rto»  Km4,  Tolvortfc 
Siurtr, 


**•4'  ^  r'-al*  <r*tii|k  is  0.0.  S.  (Gm1|  IM1  At 


MARGARITA  ISLAND 
i'-’-NCZUCLA) 


Msr  lomct  or  utamcw.  *  uo»t  detaujd  infoiiuaiion 

c*=*>*  •*  V.  C«<M«  m  Sonp 

ChrttUnic  of  Ontmi  Scn^t 

K<«crtea  >0*4.  Tol.ortfc 
Wtim,  S«rr«7,  CafUai 


TAfeLE  rto.  t 


ACtlAl  PHOIOCNAPHY 


MAKOITA 

ISLAM? 


1  ABLE  NO.  » 

IDPOGfiAPHlC  AND  ftANlMHRIC  MAPS 


PERCENT  AND  DATE  or  LATEST  coverage 


LA»GC  SCALE  I  UEXKE Xt  SCALE 


1«  I9.t»c  AXO  UILW.1-.  J9  ©SI-.  »».>»• 


PESCENT  AND  DATE  OF  LATEST  COlEXACE 


SMALL  SCALE 


V .  WM  AND  SMALLER  1 


LA FCX  SCALE 


SO  045  4  LA»GE* 


MEMCM  SCALE 

J  tCf.OOl  -  I  ,00.0001 


ISM>  LL  S»  .LE 
I.  .DO.  OCi  -  .Vkj  OOO, 


MAS*'  HOLDING  AGENCIES 


<l)  Ou«<tt*  A*  Ctn«fr«fu  N»c»> 
WlKtUtTt  4*  OWu  Pc4i»f*> 
Cb»#  AimriIW  a  CaUoqb 
CAAcio  Sima  Im> 

Camca*.  0.  F. 


fit  Orrccmn  4*  CArtefTAfit  KactcmI 
Mnlfurta  4«  OStm  FA!icaa 
Cm*  AM^Ua  4  C«4(lca 

E46ci«  Sbdu  Uri 
Cawcu,  D.  F._ 


Tfct  Caru  T«HrfecA  4*1  E»tMt  Swh  £ada»u  at  irtit  <rf  1-!2).04C 
pt*dm c«4  i*  iMl  W  tW  OCM.  ft)  O*  OOTa  iW.WO  mDMil  Mrnu«ttc«I 
*****  R*n**  if  14*4  ab4  4*  USC.We  t«fo  tup  Mnt«  si  IM  --CSC  art 

all  that  it  anikkit  let  small  actit  ttnnt*  of  Mar««na  UUaC 

T>»  DCM  Waa  'ortrM  tfc*  iiliM  at  tult  i*  tfc«ir  I  HI  ami  1442 


*c$t  soviet  or  ADL:mm  4  mope  detailed  iNrcauAtso* 


IlMHtN  Mts  H  A»:U1  PWc<**f4if  Co»*r*|»  lot  Mtyyl^  of  T^tfri^T 
*M  SUteral  le**ucr*  eg  V»««iu-  Katert!  Dt^  <rf 

A#k«.  Pa*  Aotn<«  IVi*.  D.  C.  ISPi.  1444.  JO*. 


525557355555 


OPE  DETAILED  D»>  OFMATKtN 


A**ctat»4  lMn  <*  Aar. *4  FS«tacr*»fcac  Cvevrafa  a*4  Mipyaag  of  Ttvafra^hr  ! 

a*4  Matvral  R«»t«r-««  oC  VrattwU:  SMbTaI  A«aM»tt«  fail.  Dtp.  erf 

£<  — — *c  Aflaat*.  paa  Atntrtfii  Omw,  Vasfcmgto*.  T.  C.  20444.  1444.  «C4 


ARLA^ 

MEXICO 


TABLE  NU  1 

TOPOGRAPHIC  AMO  PUNIMETRIC  'MPS 


Ak£A 

MEXICO 


ttOLOGIL  NMTb 


PERCENT  AND  L'4J»  Ol  LATEST  COV!  RAI.E 


LARGt  SCALE 


<  1  <*0  CO*»  4  LARt.l  R  I  J>  -  SO  Oft  I 


MAIN  .iOLIXNL  AGENC IJ4 

(1)  Oopartameato  Cart*gr*rt*  Uibur,  S^rtunt  de  U  Mmmi  National. 
Lom.1*  4*  Sotelo,  D.  F. 

(IT  SwrtUru  4*  ■*<«*•<»  t&iranlico*.  Paaeo  de  L  Reiorma  M.  Mexico  I. 
D.F.- 

(9  pMr&MM  MtcKMM,  C«r«»cu  4«  Ex^^mio*.  Uir*|«*  il,  U*sko,  D.F. 
<4»  Oirvcclw  G***r«l  de  y  U«imolofu,  a*mi4«  OM«mt«rto 

192.  r*<*WT*  I*.  D.  F.. 


PERCENT  AND  DATE  Ol  LATEST  COVER  ALE 


LARGE SCALE 


MEDIUM  SCALE 


I  SC  o*A>  AND  LARGER  M  •  1  SO  On  «  \  JSO  OO'fj 


SMALL  SCALE. 

I!  £S0  *41  I  I  “t1'  **0‘> 


MAIN  MOLDING  AGENCIES 

(1)  Conaejo  6*  Rocwroc*  Nat  nr  ale* 

O) 

Potrdlooa  Moxtcaaoi 

*«c-  RcnoeaMoa 

Go  rone  ia  do  Expieracida 

Eo^nxn*  Dr.  Navarro  y  Ndtoa  Hr  roe* 

La  fragoa  it 

Mexico.  D.F. 

Mexico.  D.F. 

(2)  laotnoto  e  Geolog  £a 

HI 

Stictfi  do  Giiilagfa 

UnmiMlaf  National  Ant Taima  do  Mon. 

Sec  retard  do  Rocnroo* 

4a  Call*  dol  Ctpr/a  174 

Hdr^dKM 

Mouse  o  4.  D.F. 

REMARKS  frats  OCM  (I|w4  PGGM  <4f  j»w  yfMtM  muimI  Uf>|r»Rtec 
at  a  k *1*  at  I  S00  •'OO  «■  1447-4  4M  !IO-M  rtt|wcUftly.  BaU 
»*m«  1  row  DOOM.  DGCM<4}  peofteM*  m  «mm1  CaURg  do 

PAtjcatwwa 

DCM(l)  M*  HI  *heet*  oi  tk«  I. ‘.00. 000  mm«*.  Ciru  Gaacrai  4*  U 

■»fal>xa  «M  44  ihtati  of  tfc*  t  24,000  Mrwi  Caru  TtctKi  4ti 

faUt  4a  Mwca.  Map*  from  thi*  atritl  available  only  irons  DCM  (||  (oUow 
«•  a  aunt  maftt 

S*H  (2)  k««  Lr|t  Kak  for  all  4*  irrgaioa  aM  «*t or  ctairal  projtcu 

KMRly  w  «af4l»M  form 

PEMEX  <»  ha*  (ocn^tlH  a  1  40.  000  piaamnrK  itriti  ahKh  cattu 
ortWly  oil  at  tM  |«R  <w*t*i  rcjiea 


1C  (2)  »•  frotlacuy  o  ~~  t  mhm  «t  1:100.000.  auca  1044.  >  ahaafa 

airaaly  pahbthal  4*4  4  aa4f  csaflattc*.  TW  1C  alaa  RaMtahM  a  1:2. 00a,  0 
|ao>opt  mat  at  Monro  to  1042 

SC  (4)  yrMacaa  hyilrofaolafK  nap#  aal  haa  4  largo  waaWr  at  nap  ahhihal 
largo  acalt  footage  au^t  for  unou  dam  and  irrigation  pro>. .  u 
PEMEX  (9  to  completing  4  1:40.000  teak  geologic  maf  covering  the 
tathmaa  at  To hntntopec  and  largo  Rorttono  cf  eastern  Masca 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


A— naitrd  Index  at  Am»J  Photographic  Coverage  end  Mappang  at  Topography 
4M  Natural  Ra*o«r.««  of  Meet «  llatara)  laaoarcaa  Uaat,  D«pt.  of 
Economic  Affair*.  P«  Anruu  Vaoa,  VaaE^toa.  S.  L.  20004.  1044.  *4p. 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


AnaWaf  Index  of  Aortal  PWtagmpfcic  Coverage  and  Mapping  of  Topography 
and  Matwral  Reaoarcra  at  Mexico:  Natanl  Reooerco*  Uaat,  Dap.  at  Economic 
Affair*.  Pan  American  Uncon.  Waihirgtaa.  D.  C.  cm  04.  1044.  44p. 


AREA 


MEXICO 


TABLE  NO.  4 


SOILS  AND  UNO  CAP  Ail  II  TY  MAPS 


TABLEMO.  4  VEGETATION.  UNO  USt. 
ECOLOGY  AND  KMEST  INVOdCtY  MAPS 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


MEDIUM  SCALE  SMALL  SCALE 

2v«n  .  i  too.ovo*  ; i  loo.oe:  .  »  sov, t©o» 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


<•  24.094  4  /  ABLER  I 


ft)  Deportaanen&o  do  Agrolegtco 

Socvotarta  do  Rocnroo*  IMradK** 
Pa*oj  do  la  Reforma  44 
Mexico  1.  O.f. 


DDA  (I)  pmaniy  concerned  o«h  *otl*  rjpf.m  and  coil  new*  of  noil*  data 
for  irrigation  project*.  Very  fe-  of  the  maay  map*  prodncod  aro  pobliaWd 
end  aro  to  ho  font  onto  in  tho  file*  of  the  DDA.  TW  DOA  r^lifhi*  a 
Carta  do  Soelo*  do  M  ReplMica  Monacan*  at  the  *cal*  of  1:4.000.900. 


LARGE  SCALE 


MEDIUM  SCALE 


II  24.000  4  LARGER)  I  ( I  24.00)  -1:100. 


SMALL  SCALE 


II  190.001  AND 


MAIN  HOLDING  AGENCIES 
fl|  InofataCo  National  do  'jmUjicwoa*  fomuk* 

Aeomda  Progr«*o  4 
Cofoacan,  D.  F. 

<21  Direct  id*  General  do  Gcografaa  y  RAotoornlogCa 
Secretariat  do  Agracnltsra  y  Ginftrn 
Avensda  Ohoervnlorio  142 
Tndpi  10.  D.F. 

(  M  Diroccidn  do  Aproeec hirnedN  Rdrldcn  Paoco  do  la  Reform*  49 
Secretary  do  Rocnroo*  fbdranbcoo  Mexico  I.  D.F 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


Annotated  Index  c#  Aortal  Phonographic  Coverage  and  Mapping  of  Topography 
and  Natural  Roaoercoa  Hf  M»ndco  Natnral  Roonorco*  Uni,  Dom^nm  at 
Dmiair  Affaire.  Pan  American  Unborn.  Washington,  D-C.  W‘,. 

1944.  >4  p. 


CBSBBBEETSlLlIElft  15  j3  5 13  ■.  £E 


■SJ.AL  J,:  Dt  t  IlJ 


Annotated  Index  of  Aorta*  Photographic  Coverage  and  Mippt^  of  Topography 
and  Natural  Resource*  at  Mexico:  Natnral  Rooonrcos  Unit.  Department  of 
Economic  Affair*.  Pan  American  Union.  Washington,  ft.  C.  24004. 

1044.  V4p. 
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LAM.L  SC  ALL 


Cl  SO  *00  4  LADClUt  L  lO  OOl  1  iCO.OOOl 


MAIN  HOLDING  AGLNCIES 

HI 

U.S.  Army  Map  5*r*r-r 

( ))  Iasti*ato  de  Recursos 

S500  Brooks  Laae 

Khdraulicos  y  Electrification 

Washington.  D.C.  20025 

Apartado  5205 

•M 

Direction  de  Cartog rafia 

Mt  Mate  no  de  Ofcra*  PuSitcas 
Apart* do  524/ 

Paaama 

Paaama 

I'l  |l(  LM  AND  DA  II  O)  1-A  1 1-*>  1  (Ok  ERA'. I 


LAAC.I  SC  ALL  I  MLKIUKAU 


AND  LA 


MAIN  HOLDING  AGENCIES 


(1)  Drfirt4m»to  de  RKinot  UiMrtlt* 

XiMitono  de  4g  tic  altar*  C«n«rao  e  Utfutlm 

ApartMo  1411 

Pmm* 

(II  V.  S.  Gt4la(ie*l  Sanay 
Vtilu^taa.  O.C.  IC02S 


n  AMS  Tape  senes  E742  at  1:50.000  »c*l*co»#r.  «W  So** 

Caut,  tfce  fiwialt  »*»t  of  Puum  City  aad  tit*  i»U*d?  m  tka  C ml*  oi 
PtMiU.  17  *lM4ti  of  t Ma  trr.ti  i*  iwkUtM;  S*  *44itioMl  »k**U  is 
pi  rlinlurr  form  wt0i  ouUruli  MM  ky  DCUUHEO)  koMi  sr>|tMli  to 
IHI  wn»«  «t  K«ki  of  1:12.500  *M  1:25.000,  in  l%i  DC  Mgaa  productiuu 
om  1 : 10, 000  series  at  tape  Jm«U  ku«4  a*  t«rul  pkoiofrtpky.  (My  1  *M*t 
pAUiM  to  date.  TV  imall  k*M  msppiag  comIiU  of  tV  1  rVtt  AMS 
••riot  E441  At  1:500.000, 


DAM  (1)  Is  rripoAfiMt  for  |ooiofi(  ■'»ppi«|  m  Pamaa  am  k  tV  ropooitory 
of  toolopc  data  VvolopV  ky  »t»er*l  coKottiouirti.  USGS  (2)  puMtsfced  A 
rolopul  mop  of  CcMrAl  AmonrA  ia  1057  At  1'i.OCO.OOO  tVt  covtn  Ik* 
fomiry.  A.  A.  Torry't  g«oM|t<  nap  At  1  500.000  scale  f  10541  mi  poUuVf 
»a  a  report  «abtl«f  A  >o)o|ic*i  IU<aar  ••<•<•  of  P«m*m*  ‘  4>  tv  CrUfomA 
Aaf—y  of  Scteaces. 


REST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


A moUM  tcVs  of  Aerial  Pbolofrapiuc  Co»«U|»  aV  MAppt»«  at  Topog rapfcy 
mod  NAtortl  Rrtouxet.  of  Panama:  Natural  VimrcM  Oat.  Dtp*,  at 
Ecoamuc  Affairs.  Pam  AnancAs  U*o*.  W««ka|tos,  D,C.  20004. 

1545.  I4p. 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


AmcMttf  la Ova  of  Aenal  PVoto*»*p*uc  CoT*r*|*  «M  Mappsag  at  TcyiyrapV 
mad  Nataral  Vtovet*  of  PaaAma:  Natural  IU sources  Cast.  Dept,  at 
.vcomonuc  Affairs.  Psa  America*  Uatoa.  W*s4iagtoa.  D.C.  20004.  1545.  )4p. 
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PANAMA 


tarleno.  5  VEGETATION.  IAN0U2. 
ECOLOGY  ANO  fOBEST  INVEMIOtY  MAPS 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


MEDIUM  SCALE 


<1  25, 00C  4  LARGER) 


SMALL  SCALE 

1  25.001  -*  I  100.001  |  (|  100.001  .  1  5©»\  '*0i 


(1)  Dipartimssto  Forests!  y  da  Suelo*  (OFS) 

Miaiaterio  4*  Agricultara,  Coourdo  •  Matria 
Apartsdo  14)1 


PERCENT  AND  DATF  OF  LATEST  COVERAGE 


LARGE  SCALE 


SMALL  SCALE 


tl  25.000  4  LARGER!  I  (1  25.OOUI  lM.eOO)  111  lOO.OOi  AND 


fl)  Depart  si  tatc  Forestal  y  Or  $~eloa 

Miauurto  d*  AgncoHsra.  Castrns  •  lafsatru 
Paata* 


4oft  soils  mod  land  upaUlity  maps  are  restricted  to  S  V  Ckrip># proeiace. 
tV  liases  de  Code  aad  tV  easier*  part  of  tV  Aaeero  peataeala  «a  a 
recooaaiseaace  or  ssmidetailed  kasis.  T4es*  are  at  t Re  scale  of  1*54,000. 
Dor  tea  Proeiace  was  covered  la  1554  at  a  scale  of  1:250.  000, 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


A aa tested  Met  at  Aerial  PVtaftaphic  Coverage  aad  Mappiag  of  Topograpfcy 
a ad  Nataral  Resources  of  Paaama:  Natural  Resources  Uait.  Dept,  of 
Ecwoaic  Affairs.  Paa  Americas  Uaioa.  Washington,  D.C.  20004.  1545.  ldp. 


REMARKS 

Other  than  tV  Hokndg*  ecotofie  map  1555. 
•*  witpp^.ag  at  veg  'aboa.  ecology  or  load  use 

l-l.000.CM4y  DAS  {QAS). 
c!  Paaama  exists. 

Maay  regional  map.  that  cover  Cratral  America  or  Car»44esa  at  verr  ssaali 
•tales  have  Panamanian  vegetation  mapped.  The  Dept,  of  Geography, 

University  of  Kansas.  Uwrtstt,  Was  aa  ewe  el  lee*  collection  of  these  types. 
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lOfOGHA^HIC  AND  PiAN  I  METRIC  MAPS 


LARGE  SCALE 


X'l  k  LA  P  < .  I  Hi 


MLUH  VI  MAIL 


.  Oi> 


NMAtl  SCALF 

<1  jW«>  ovi  i  'Wl  '  c 
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(1)  UiUu>oC«^r«lK^  Mitiur 

1*)  S*r*icto  A*r •dcrf'.gramo  Naci^ual 

Avvud.  Ar«nup«  >10 

Lai  Palmas 

Li^ 

Lima 

Peru 

P«n 

HEMAIIK5  A  ^l»mt4UK  -r-sp  «:  *  aval*  A  1:500.  OOO  omri  tfc« 
country  I b*  <rvo«:  comjiists  tupograpbu.  »»rw»  currently  available  :•  4 
atKuMUwH  ssris*  xuamUBf  A  H  |M«U  At  a  idl*  ol  UM.  NO.  conn«| 
ike  cM»t,  1  km  iwru,  «a4  :h«  ••  -uir.  4 

Itw>c  *•  «t  pttMAi  at  nxd.ufti  or  Uf|<  »t«lt  topoftrAw  n»p 
t#:wi  Uu:  corsr*  tft«  ratiit  country  Agcacy  U)  *»*•  p»uOw»0  c<** 

RUppu^.  n-x  stly  At  Ut|t  »ult».  U«Ct>  o4  It  is 

!vi  purcSa**  by  tr«f  p-ik«u 


wrnfWBnajrrwsg 


■WxcH  U4*»  oe  4*imi  hk>tt>|rapt4c  CowUj*  mc  Ifctppm  of  r«po,{:*pti) 
*’04  \4u>r<l  KfiMttr*  ot  Peru;  1  R«»v«isti  Uut.  D*»»  *4  £{»-«« 

AlUir*.  P*a  ArrKfKU  lu'A,  W«tr«|tua.  1>  C  2000*.  14*4.  24  f» 
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Per* 
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Lima 

Peru 

REMARKS  Agency  <l|i«  cwretUy  pro0«cia|  *  1:100.  000  |«olofU 

****••.  om  a  ass  1:100.  000  top«|r*ptuc  Mrui  btU|  pro4wM  by  th* 

laatituto  C«o|r*iKJ  MUiUr. 

A**»cy  (2)  Ml  pabiuhtd  4  Ut|«  mmb*f  oi  M||qmJ  trwpi. 

A  |tf*t  4**1  oi  tk*  aappm  (4tti*4  oat  «M*t  gorsrnmsat 
auspices  fca«  bees  printed  ut  tbs  Bolstia  4«  la  Soc»*4a4  C*c1mic4  4*1  P «r«. 


BEST  SOURCE  OF  ADL.TIONAL  ft  MORE  DETAILED  INFORMATICS 


Aaaouiid  iMts  oi  A*rul  Phot.  g  rap  *c  Cor* r 44*  *M  Mippiig  A  Topography 
43d  Natural  Riioarici  oi  Peru*  Natural  R  .iowoi  Uatt.  Orpt.  ol  Ecombk 
Affairs.  Pm  AmtrKt*  Uaioa.  V*>ta|toi.  D.  C.  2000ft.  14ft4.  2lp. 
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SOILS  AND  LAND  CAPABILITY  MAPS 


table  wo.  *  VEGETATION,  LAND  USE, 
ECOLOGY  ANO  SOREST  INVENTORY  MAPS 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


MEDIUM  SCALE 


(*  iX.NC  ft  LARGER 1 


SMALL  SCALE 

I  2V.001  -- 1  ioo.ooo>  |  <i  .00.001  -  1  SCO.  C00} 


’Wtlll.WiikM.llimiTI 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


LARGE  SCALE 


MEDIUM  SCALE 


SMALL  SCALE 


1 1  25.000  ft  LARGER)  |  U  25.001.1:100.  000)  |  II  100. 001  AND  SMA 


MAIN  HC  -DING  AGENCIES 

|i)  S*rrv  to  FsrtiUl  y  4*  Casa 
Mciittno  4*  AyrKihua 
Arrr.id4  C«V*  552 
lam* 

Peru 


REMA  EKS  Mu*:  «l  .S*  rork  zi  ;b«  r  A  i|«kh*  uv«1m4  ia  tb* 

pto 4uc>  —  <4  »cwi  rnip*  t»  P<r3  -  Ibc  p*«1  d*cM*  Mi  b*«a  j4*m«  m| 

M  U»  tiwau?;^  q<  bivdi  -*  4*  4*1  P»;a  l?ftm»4  Agrcsam 

tufc)  >*>iuirl  by  *H3C>  (1)  *a  IH)  Only  «  !**  A  tiuc  sails  mip«  tsdotl  ts 
CAts  r*p«n  bar*  b**s  ysWuk*4.  m->i«  4  Jfc*  nupi  4*4  tiwtr  wcxnpMyibi 
t*p  4li  »r*  ui  ■mbu * i  no*  ***»n  asl  mat  5*  J‘a«4  u  ?hr  (il«s  «4  prod«:taf 
4|*M)C«  tr  :t».r  >q*<«ii->ti. 


REMARKS  M  1051.  Um  Isbr-AnwricM  Uit«st«  ol  Agricultural  Sc  traces 
it'TUrttET  Costa  Rica.  pnparM  a  Maas  Ecoloaxc  4«1  Pits,  bas*4  oa 
H'4«t*r  *4g*'  %  cliKiltcatMs  oi  world  pLut  lorniltMi.  Tb*  seals  oi  tbs  m»p 
is  1:1.  000.  COO.  It  was  pnatol  ta  P*n  aa  1054  by  tbs  IhstituCOGssgraiKO 

Mil  its  r. 


Asaotstsd  tobi  <4  Aami  Pb  tDfnRM  C*r*ragr  *  +  M.ipf »*g  aa  T»p«(Mp(iy 
*a.  XitiJ*)  Rssoercss  el  ?*r*:  H*r»r*I  ftfiMtrm  Last.  Dipt,  d  Icisoa&K 
Attain,  Ps*  Aflurwi  Ua*os.  Vidus^tw.  5).  C.  2000*.  I'M  lip. 


«■.  ‘  tv.  ■■rtTT 


Annotated  Ia4sa  oi  As  rial  Photographic  Cor*  rag*  aad  Nappug  oi  Toy^raphy 
•■4  Natural  Resource*  4  P*nc  Nttznl  R**o«rc**  Uwt,  D«f(.  of  CcimMc 
Affairs.  Paa  America*  Union.  Wachtagteu.  D.  C  20046.  1544  24*. 
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M)  CW^irliMal  o t  D»»i|  jy«n— » 
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SMALL  SCALL 
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sens  ANO  l AMD  CAPABILI  TY  MAPS 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


LARGE  SCALE 
«i  2S.0OC  A  LARGER! 


MEWl'W  SCALE 


SMALL  SCALI 


I  iS.  001  -  i  ‘00. 000,  I  li  IvO.OOl  -  J  50u.  CQ«J> 


MAIN  HOLDING  AGENCIES 

(I)  Dspsrtmrc*  at  So* I  Sorvoy 
s*/*m*cc**»r**l  T 
P*r*Runbo,  $tiria*m 


rtMAKW  By  I***,  tofofrrpuul  nwfi  «t  «j 4  1*100. 000  *M 

I  200.000  will  b*  tv*iUbl«  tar  *U  but  t*v*  nMUtwrtUni  »*d  >owBm»t*r» 
■  of  xiriMm.  for  *tuch  *o  urul  pfcotofrsRfcy  ti  tvuubt*. 

L  re*  ictlt  o«r*|*  •  •  «t  1*40.000. 


- -  Tk*  o (  nortSsr*  $un**ro  >«  corerr^  «t  I -Set#. SCO  &y 

*  >o«l  m*p.  Tb#  mtirr  country  is  covsrrO  «t  I  *.000.900. 

Thrre  is  *  Lsd  (LuificA&os  mip  *t  1*1,000,000  a i  Northrra 
San&sm  by  It*  Drpsrtmrat  of  Sosl  Ssrvry  ta  1**N. 


BEST  SOURCE  DT  ADDITIONAL  4  MORE  DETAILED  INFORMATION 
CmIhI  Bum*  Far  Arrvsl  M*ppa|,  !***.  C-stslof  c 4  Mrpi  *af  Air  Pkoto*. 


BEST  SOURCE  OF  ADOtTTOMAL  *  MORE  DETAILED  INFORMATION 

Dlsnst  ln<i*rJurt»r*|1  OvmicPiboMiAurt  ^ununr.  ickMl  l  -1.000, 000; 
Misiitrnr  Vu  Opbow*.  •tsrunst. 


S«1  Ssmt  Dtp. .  **C2.  PrrtoiHry  5o*2  Msp  of  Hwrtlwrs  Sshmsi.  K«ir 
1  500, 000-  Ministry  of  Pnrlopeii*,  $srmk. 
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P»  R  L\  1  n  .!*  1>A  '  *  v»*  i-A  !  »-SI  <  OV  LRA« -1 


O^t&v-ALt 
G  A**:*  ►  ► 


V  Al  .  PULPING  A*  .1  N<  iLS 

!•)  Dir*t!<>r«t»  of  O^frjMA  Mrttvi 
Ki*f«(on  Rm4,  ToUortk 
SurbtU/a.  Wrm.  EpjUip* 


PEWApKS 


L*»j«  tuS'  RMf|<i'v4  w  tt*  a?  D.0. 5.  (Trts*i»^l  a»4  207  (IoKaioI  *1 
J:H>.|*9©  a*«  P.  O.  >.  Slfc  tTrtiadatii  **4  'Tcbafol  at  1  2S.COO.  A  1  tu»i 
•#n»i  *i  ! :V0, 000  ,1m  *«uU. 

SmU*K«l»  nvapRia«  oC  I  *he»l  c i  Tr»**da«l  at  1.1  SO,  300  amt  om  of 

Tobago  at  tX«  M>r«  *<alr. 

A.  M.$.  t*n«i  E042  CM*f»  S’  Irwi^i  at  •  J5,Ck?  (phceo*M|-«.  I  >42). 
Port  al  Spate  i»  <wr*<l  *«  l:!C.  OO04 


nippiaf  >•  *  (rfiiofic  m«p  of  Triatfif  at  I  •  *00. 0O0  <  orr.f  il*d 

Sf  H.  G.  Ks|Ur.  It  la  available  fr»^r>  Edward  Staaf  ord  Lid. ,  Uafoa  WC2. 
Urp-t<al«  mapping  »•  at  1:W,  J00.  D.  O.  S.  ’Ctol)  1124.  «af  co%«ra  all 
of  Trta«dad. 


WEST  SOURCE  OF  ADDITIONAL  4  StORE  DETAILED  REFORMATION 


Catalog  ot  Map*.  Crodruc  a *4  rope*  rapStoi 
Dk7Kt»r*U  ^  Owtrt**i  S«r*fy* 

Kurile*  Road.  Toiw>rtk 
Sjbtfle.  Sat*-*.  =jAf)«»4 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  D£  TAILED  INFORMATION 


table  no.  4 


thicdad  4  TOBAGO  I  sous  AMD  IAM0  CAPABILITY  MAPS 


AREA 

TWWDAD4  TOBAGO 


TA**-**?^  VCGHATIOM.  WMOUSC. 
ECOLOGY  AMD  KMKST IMVOUMY  MAPS 


PERCENT  and  DATE  OT  LATEST  COVER  ACE 


LARGE  SCALE 


11  25.00C  4  LARGER) 


SMALa.  SCALE 

1  2V  00)  -  1  100.000J  i  (1  100  00.  .  1  SCv.t-Wi 


111  Ehrwcto-al*  af  0**rm«  Sarw?» 
K.afttoa  Ro*4.  To^rtfc 
SartnUa.  Sarray.  CcfUad 


REMARKS 

rul*  ••  I fca  VaU  Sanaa  a*  D.O.L  1V»*<.)  SS  at  I -50.  CCS. 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


LARGE  SCALE  |  MEDIUM  SCALE  I  SMALL  SCALE 


<1  25.  C00  4  LARGE?.)  |  ()  25. 001 . 1: IM. ORO)  Ili.iR6.0BI  AXD  SMA 


REMARKS 

Recall :-»»»ra<»  la  1 


Catalog  at  Map*.  Caatfa tic  *M  ?apgr«^ic«l  Swrvaya 
DirKtont*  *f  Ovaraaaa  Sar«aya 

K:5|»toa  KM,  Tolw«rtt 
SarSttMK.  so»t»/,  England 


AERIAL  PHOTOGRAPHY 


PERCENT  A\D  DATE  OF  LATEST  COVERAGE 


LARGE  SCALE  I  MEDIUM  SCALE 


II  tc  Ooo  AND  LARGER  1 1  II  10.  001-1  10  WO, 


SMALL  SCALE 


1  10  00*  ANU  SMALLER) 


VENEZUELA 


MAIN  HOLDING  AGENCIES 


(1)  DlrKddh  dm  Carte*  rafta  NmiomI 
MiuiUno  d#  Obra*  Pvblicii 

C*»o  Aiunllo«  EiUdot,  EdUuio  >uu  1m«,  C«f«c««,  D.  F. 


A  cvrrtal  project  will  provide  m«  1:  *0.000  iciU  nuppilf  pkotofraplip 
wortS  of  0*  N.  UtitMe. 

Photo  noMtci  *t  a  i<*U  ef  1:50.000  met  (or  two  Urge  rtgiou  wtl  of 
mcriOu  40*  E. 

Pastogrtpliv  ud  oomici  At  maIm  mt  1:50.000  and  larger  that  are  Mid  Op 
tM  Direction  Cartografta  Macieael  are  a  valla  Me  to  iMeruttowl  agencies  Op 
permiiiioa  cf  tM  Muneteno  4e  Dalian. 


BEST  SOURCE  OF  ADDtTKJNAL  4  MORE  DETAILED  INFORMATION 


AaaflUied  lain  at  Aerial  Piotofrapkic  Coverage  aM  Mappiag  at  TopograpM 
aad  Hater al  Resources  at  Voaeauel*:  Hater al  Resource*  Uaat.  Dipt,  at 
Ecoaormc  Affairs.  Paa  Amencaa  Dmob.  tTaehmgtou.  D.  C.  20004. 

1044.  Wp. 


table  no.  z 


TOPOGRAPHIC  ANO  PlAM METRIC  MAPS 


TABLE  NO.  1 


VENEZUELA 


GEOLOGIC  MAPS 


PERCENT  AND  DATE  Of  LATEST  COVERA..F 


LARoE  SCALE 


t  JN.*.  *  LARGER* 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


LARGE  SCALE 


MEDIUM  SC.1LE 


SMALL  SCALE 


«.  SO.OU,  AND  LARGER**  1  SO.OOi  .  1241.000,  |  11  2*0.001  -  fl.WSO.- 


MA1N  HOLDtNtf  Av.LSCIfS 

III  Diracooa  6a  Cartograf«a  National.  tm  Oten  Pohltca*. 

CAIkto  Saute  lari.  Caracal.  D  f. 

121  Direction  dm  Ofcta*  Hiiraali'.a*.  Miaitfnc  dm  Obrat  Pabikei  Torre 
del  Set.  Ceat r<*  Stmo*  Scbrar,  Caraui,  D.  F. 

Ill  Saabtolo  Mao  anal  dm  Lt»*»  jaaturu*.  M.  water  Sc  dm  Obrai  Publics*. 

Edificio  Laa  Merced©*.,  ta^auu  dm  TYenda  Ksadt,  Caracas.  D.  F., 

14)  Di  receive  dm  M«na*.  inn  6m  Mioaa  m  K'drxarSi^M.  Terre  del 

Norte.  Ccwtr©  4m/|a  Jk>l4««r.  Caracaa.  D.  F. 


MAIN  HOLDING  AGENCIES 

(I)  Direction  d©  Geologia.  .-’••siateno  dm  Miaaa  e  Hydroca rWrca .  Torre  del 
Norte.  Cewtro  Simdn  Botfvar,  Caracas.  D.  F. 


REMARKS  TV*  DCN  (1)  .«  producing  sup  tir.»>  at  1  100.000.  I  Z SO.  000 
aad  I  500.000.  Maps  at  acalee  of  t-*0.C«C  mad  Utger  Sbai  the  DCN  Laa 
produce!  are  considered  cLnifial  to  t km  Government  at  YrmnaeL. 

The  DCH  12)  proJucn  Icpogripluc  rwn  «•  part  at  tla  irnfttto*  protect*. 
The  TNOS  1  Q  proda cee  eocne  large  acale  mapa  to  «rUa  area*. 

The  UUH  14)  prafrcti*  looogripbc  map*  as  a  U>r  for  ita  meri'rmippiag 
program.  Thi*  igiacy  alae  hold*  much  *4  die  mas  coverage  produced  b  j  the 
cal  compass©*. 


Systematic  mippiag  has  Me*  cned acted  through  soUitontiw  between  the 
DC  (I)  sad  Pnacttea  University  at  scales  mt  1:50.000  sad  1:100,000.  The 
DC  d'ers  for  sale  small  ecaM  geolsgtc  sad  minerals  mapa.  There  are  seme 
1*1.000,000  maps  covering  aU  ef  Vewereels  and  1 :500. 000  maps  (or  most 
d  the  states. 

The  Mtaielen#  de  Mass  e  Hydrocarturo*  holds  copies  ad  oapahUehed  msps 
compiled  hy  the  oil  c  umpstoe*. 


BEST  SOURCE  Of  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


Asacested  lodes  at  Arml  Ptctagnpkir  Coverage  aad  Mappiag  od  Topographr 
ltd  Natural  Resource*  at  Aeaetaela  Natural  Resources  Uat.  Dipt,  of 
FcMMdiic  Affairs.  Psa  Americas  Vaw,  Huhcftaa,  D.  C.  20004,  1444,  top. 


BEST  SOURCE  OF  ADDdTK>  AL  4  MORE  DETAILED  INFORMATION 


Awacdated  lades  at  Aerial  Photographic  Coverage  aad  Mapping  mt  Topography 
aad  Hater  al  Re*  ear  cee  ef  Veaeeaele:  Natural  Resources  Unit.  *>•»*-  «< 
Ecaaotmc  Affaire.  Paa  Axsericaa  Ua lea.  Washington.  O.  C.  20004.  1044  top. 


A  WE  A 

VENEZUELA 


TAtt'.C  NO.  4 

SOUS  AMO  LAMO  CAPAIUITY  MAPS 


PI  RCEM  AND  DATE  LATEST  COVER  ALE 

"■ - -  i  ..JZ . "  I  *>.. 


ti  2*.occ  4  larger) 


1  24.  OOl  -  i  100.000} 


1 1  |00,  OOl  1  40o  (U  II 


MAIN  HOLDING  AGENCIES 
tft)  Section  4*  $t**lo«  0*1  ro  4*  Investigation  A|rofKiMrit« 

Direction  d*  Umtt|«dAi  Agropacuai ui 
MtntUno  d»  Agriculture  y  Crtn.  M<r<(«y 
U)  Direction  4*  A«cu rso*  NttartUi  Itfwviblti,  MialiUno  dm  Agriculture  y 
Cm*.  C«Mro  Simo*  Bolivar.  Torr*  4*1  Nort*.  C*r* ca*.  D.  F. 

OJ  Co***jo  d«  BtmiUr  Wur*l  Mimt«rio  4*  Agriculture  y  Cru,  Torre  del 
C«tr,  Avrtid*  Frucix  j  Miranda  Clucto,  Caracas,  D.  F. 

HI  Dim* to*  4*  CitudtM  Agroecoaomtco*.  Di  r*c  cto*  Am  Obras  Hidra'ulicaa 
Tor r*  4*1  Sod.  Centro  Stnoa  Bolivar,  Garacaa ,  D.  F. 


REMARKS 

SDS  (1)  >Mta  *  Urg*  fil*  <4  *«1  *u r»ryt,  mostly  unpuhliah*4,  that  *tr«  do** 
d»ft*|  tkt  Uat  20  yr*.  la  'MO  tW  section  fablUM  tM  RUf,  Suelo*  Am 
VmzjtlA  (1:1,000,  000)  shewing  24  a  oil  group*. 

Tfca  DRNR  (2)  ayaaiort  rttatlumt  soil  aurvey  *a4  caeibitity  ud  •*• 
work  by  privet*  firm*. 

TV*  CBR  |  51  apoaaora  *t*4i*a  atmiUr  to  the  DRNR  (2). 

TV*  DEA  (4)  map  aoala  lor  tV*  parpo**  o f  4«tanniaag  soil  capacities  la 
*r**a  to  V*  irng*t*4. 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 

Aa*oC*t*4  l*4«x  of  Aerial  Pkotagragluc  Coverage  aad  Mapping  at  TopograpVy 
a*4  Natural  Rrtaurcrt  at  V«n*zn*la:  Natural  Resources  Uut,  Dept.  at 
Economic  Affair*.  Pam  Ar.-erica*  Qaaoaa.  Washington  D.  C.  20004.  IM4.  >0p. 


awea  table  no.  v  VEGETATION.  LAND  USE. 

Venezuela  ECOLOGY  AMO  FOPEST  INVEN10HY  MAPS 


PERCENT  AND  DATE  OF  LATTST  COVERAGE 


*  »■/  r  tru  r _ 1 

1  urfwwjariM* _ 1 

j  «s*s  *  »  «r«i> 

II  21  000  k  UlCUl  1 

|  II  21.001-1  100. 0031  | 

|(.  1 00.  OOi  AND  SMALLEJ 

0 

-- 

10% 

1M2 

44% 

1M) 

MAIN  HOLDING  AGENCIES 


(It  Dir*ccio*  Am  Rk  ittoi  Natural**  R**ovab!«*.  Mimsterto  Am  Agriculture  y 
Cm,  Centro  Simon  Bolivar.  Torr*  4*1  Nort*.  Caracas,  D,  F. 

(2)  Cotiijo  d*  B***«at at  Weral  Mi*i*t*rio  4*  Agriculture  y  Cria,  Torr*  4*1 
Cate,  A v eiud*  Francisco  Miranda  CVacao,  Caraca*,  D.  F. 


REMARKS 

TV*  DRNR  (1)  a*4  CBR  (2)  Kav*  apcaiorrd  vegetation  and  for* at  inventory 
•tody  maps  produced  u»uall\  at  *ca!*  of  »:240. 000,  and.  at  pr***nt  ar* 
invetorying  forest*  at  Venezuelan  And**.  Result*  ar*  wtpubliaked  Vwt 
available  at  DRNR  (11.  DRNR  (1)  baa  published  ta  1  MO  tV*  Atlas  Agricola  d* 
Venezuela  and  in  1M1  the  Atlas  Forested  Am  VaierueU. 

DRNR  (lit*  currently  cotnptltag  a*  Ecological  Map  o 4  V ******  la  based  o*  tV* 
Holdndge  c  Unification.  t  map  of  Zo*aa  Ecologies  a  of  tb*  Andes  Region  of 
VtsetaeU  covering  tVe  nrovtncea  of  Ta.  -»ra.  Merida  a ad  Trujillo  a ad  contiguous 
areas  *<■  prepared  bv  L.  R.,  Holdndge  at  the  seal*  at  1*440, 000  as  part  at 
CBR  (2)  report  ta  IMS. 


REST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 

4— mated  lade*  at  Aenal  PVotograpbtc  Coverage  and  Mapping  of  Topography 
and  Natural  Resource*  of  Venezuela:  Nature"  *e»curre*  Uut,  Department  of 
Economic  Affairs.  Pan  American  Union,  Washington.  D.  C.  20004.  1 444.  50p. 


5 

I 


f 


j 


WEST  INDIES 


Ah  LA 

WEST  INDIES 


TABLE  NO,  2 

TOPOGRAPHIC  AND  PlANI METRIC  MAPS 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


*-AWlE  SCALE 
M  SO  W4  LARGER) 


MEDIUM  SCALE 
I  40  OOl  .  |  !00.000» 


SMALL  SCALE 
II  lOA  OOl  I  sot-  OOCl 


MAIN  HOLDING  AGENCIES 

(1)  Directorate  of  Over****  Survey* 
Kingston  Rond,  Tol*ortk 
Serbs  tan.  Surrey,  England 


D.O.S.  Map*  17/17  cover  the  entire  area  topographically  at  1*1, 
*  *2,  400.000 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  PETAL  F *7  INFORMATION 

Catalogs  of  Map*.  Geodetic  and  Topographical  Survey  • 

Directorate  of  Oversea*  Survey* 

Kingston  Road.  To! north 
Svrbtaa.  Surrey.  England 
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— 


‘F  " 

-0 


5^-  *r*s 


ARFA 


ANGOLA 


TAItU.  NO. 

AERIAL  PHOTOGRAPHY 


PERCENT  AM)  DATE  Ol  LAlEbT  COVERAGE 


UjlU  SCALE.  I  MED! I'M  SCALE 

U  jv  wti  ASD  LARGER) 


SMALL  SCALE 
SC  Q‘  .  AND  SMALLER ) 


MAIN  HOLDING  AGENCIES 


(1)  Photographic  RKOtdt  4  Strncva  Di*l*toa 
AtroMUual  Cteit  4  klomittM  Cmtor 
UulM  Suui  Air  Fore* 

1*4  4  AimuI 
St.  Uwi,  Uinonfi  s)llt 
(!)  Strn^oi  Geog raftcoa  e  C*4»«»tii  4«  A«|oU 


BEMAKKS  Ttal)  I.  ion  pkoogr.pfcr  .1  «c.U>  at  lsl>,Htu<  I  MO.  MO 
flow*  bttMM  IWMfSS.  TW  film  u  MU  by  tha  Government  ot  Ai|«U. 

A^rwuniUly  75  ftrcMt  U  ImM  irtfial  Ai|oM  kM- 
to  km  cowrM  by  urui  pbotogfipliy  flows  by  nrmi  firm*  Moms 
I9SMN4.  TV*  Kiki  in  sot  definitely  known.  bst  oro  prataUy  1:100.000. 


BEST  SOURCE  OF  ADDITIONAL  k  MORE  DETAILED  INFORMATION 


l*i  »i  U  Atrul  Photographic  Coverage 

Pbotog  ro^tuc  Rtcorta  and  Strncti  Dinuoa 

AtrcfUci!  CVrt  4  Isforastm  Costs  r 

United  Stats ■  Air  Ferco 

!M  4  Ariml 

St.  Lost*.  Miaaonrt  4)1 19 


AREA 


ANGOLA 


TABLE  SO.  2 

TOPOGRAPHIC  AMD  PLANIMETRIC  MAPS 


AREA 


ANGOLA 


TABLE  NO.  ) 


GEOLOGIC  MAPS 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


LARGE  SCALE 


It  SO  000  4  LARGER) 


MEtHt’M  SCALE  I  SMALL  SCALE 
I  SO.  09)  -  I  100.0001  It  I  ; 06.  00 1  -  I  SOO.OOOi 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


MEDIUM  SCALE 


LARGE  SCALE 


U  SC  0 C«  AND  LARGER 


MAIN  HOLDING  AGENCIES 

|!)  OaerMia  Mtniatry 

(Jmu  4s*  Miaaftea  Geogriftcai 
Li  a  bom.  Bmafil 


•  •  4#  I*** iti|wo<i  to  Ultramar) 


SMALL  SCALE 
It  *40.001  v  1-I.OOC.4R>*> 


MAIN  HOLDING  AGENCIES 

11  u«f*Cf*o  Hrovsea)  to*  Strnjoi  4m  Geologtca  e  Mum* 
Caia  Portal  T»*.  1)40 

Vuanda.  Aagoia 


REMARKS  A*  of  Its).  tW  |*o| raptucal  un  cad*  air  al  Mrnc«  «t  Ac*  4a 
m*  pr«p*rii|  to  carry  oat  aa  Mt«l  phot OfrinvMtr teal  »*mj  ot  tit  m&ole 
territory  at  a  acalc  ot  1:100.000.  TW  lira!  rltrt.  Eanroa*  of  Laaat*.  bat 
already  appeared 

Ott  hoatrri  ih>r:»  a  Mae  a  bee  I  a  ot  a  472 -a  Wot  tcvofriplu  map 
Mtwi  at  1:109.  000  arc  ui  entateace  w*  mot  yet  os  tW  tear**-:,  aa  ot  INt 


Angola  i*  109%  t*«*r«t  at  acalca  of  1:1. 000.000  asd 


TWra  ta  com*  geaiogtc  nmppn  at  1:150.000. 


UNESCO.  In*  ’Mtsoail  Baewnent*  Serntf,  1%),  A  of  tbr  Natural 

Resources  of  the  African  Continent*  Columbia  Umv.  Prcaa.  Near  York. 
4)7  p. 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DEI  SJLLO  JNFORMATIOB* 


UNESCO,  bRf'MtWtl  Dac^rwM*  Wm«,  .44).  A  Review  of  the  Natural 
Reaotircea  mi  tW  African  CoatioemZ:  Col  me  bw  Dale.  Preaa,  New  York, 
4)7  a. 
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AERIAL  PHOTOGRAPHY 


CABINDA  (ANGOLA) 


PERCENT  A \li  DA’ EOF  LATEST  COYJRAt.l 


UHa  SCALE  MtKIM  SCALE 

i.  i u  yoo  AND  LARGER!  » «>  u  Oin  - 1  *o  0J0» 


Main  holding  A(  ncies 


;)Srrvi^'i«  Cc<iraltcoi  «  C*4«itrtu  d«  Aa|oU 


SMALL  SCALt 


i  AND  SMALLER  t 


BEST  SOURCE  OF  ADDITIONAL  A  MOKE  DETAILED  •  ORMATION 


TABLE  NO  2 


TOPOGRAPHIC  ANO  PLAN  I  METRIC  MAPS 


TABLE  NO.  I 


GEOLOGIC  MAPS 


PERCENT  AND  DATE  Of  LATEST  COVEPaGE 


LARGE  SCALE 


<  i  *>0  000  4.  LARGER* 


MtDIlM  S*  •/  E 


SMALL  SCALE 

M  ioo  co  j  i  ooo» 


MAIN  HOLDING  AGENCIES 


(UOv«rKa« 

(Junta  das  Mtifsc*  Geogratxas  r  dr  Investigators  do  lltrtmar) 
Lisboa,  Portugal 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


LARGE  SCALE 


MEDIUM  SCALE 


I  SG.fttO  AND  LARGER M  <  t  SC.00'.  v  I  2*0.  tXP> 


SMALL  SCALE 

1.  2^0  OOi  .  |  i,ruy>,««0*i 


MAIN  HOLDING  AGENCIES 


I)  Dirrcfsa  Ptonxul  dot  Scm^os  de  CrologM 
Caw  •‘Mtal  No.  12*0 
laasd..  Angola 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


UNESCO,  International  Documents  Sorrier.  1963.  A  Rene*-  of  the  Natural 
Resource*  cf  the  African  Continent:  Columbia  Unir.  Press,  Ne«  York. 
437  p. 


PEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


UNESCO,  late  rrax.ooal  Dckottk^i  Service,  1943,  A  Review  of  the  Natural 
Resources  of  tbe  African  Continent-  Columbia  Uaiv.  Press.  New  York, 
437  i*. 


TOPOGRAPHIC  AND  PLANI METRIC  MAPS 


MAIN  HOLDIM.  A*. I  St  IKS 
(t  )  laalUut  Ceog  ripAkju*  N«iiu<ul( 
i3b  bifc  fu»  dc  UrrArllr 
Wns  -  7*  f  n»tT 

(2)  N-rvu*  C*»|r«pnu)M 

BracaavUlc.  C K«- p^iD) k 


CtOtOGiC  MAPS 


MAIN  HOLDIV,  A»  .t  V  f  S 

(1)  Inrcdufl  (X*  Mitwi 

d*»  Tr«v4n>  iNbUo  • t  d«»  Comm»mc »t  u>a« 

B.P.  41* 

Fort  Umf,  Cud 


Srnall-atalc  -ruppLo*  >»  1:200.000 

U«d:um**(<l<  (1:100,000)  joq  large-ataic  »«.''*  c  ^vru^ 

taken  together  pruTtdf 


th»n  »*  d«Ut)*^  «<  ctrUli  «r«M  «t  Ktkt  of 

I  200.000,  1:100.000  *ad  i  *0.000. 

9m4U*K«i«  t9v«r«f«  it  I  l,0t)0,  000. 


.Vf  ♦]  arfWTWyiki  aw  j-tki 


UNKSCO.  Inter***  ior.il  Doc-nxrt*  i »«■"%.<«-,  1963.  A  Rcv:t«  d*  jCt  Na.ir*; 
Rr*oc>-cc»  oi  tSf  African  Contirrrt  Co!uirb.i  Vr.’v.  Prm,  Yo-k 

4S7P. 


BEST  scene L  or  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


UNESCO,  'rtemational  Do<ui»ert»  Sorrier.  1961.  A  Rev-.ew  of  the  Natural 
Re  tourer*  of  tS»  Africa  Continent  Co'.kfrbu  Uaiv.  Prc#».  N<»  York. 

41?  R. 


TABLE  NO.  4 


SOILS  AND  LAND  CAPAS  HI  TY  MAPS 


VEGETATION.  LAND  USE. 
EC010CY  AND  FOREST  INVENTORY  MAPS 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


PERCENT  AND  DATE  OF  LATEST  COVERACE 


MEKtM  SCALE 


SMALL  SCALE 


(1  2». OOC  4  LARGER) 


1  2S.OOI-  .  1  100.000)  I  I !  JOo.OOt  -  1  *»0v.  CO'M 


Medium -acaie  coverage  ii  at  1:S0,  000 

There  »a  aome  coverage  at  i i20.  GOO  ( I9SS).  i:IOC.  CCO  (!9So) 
1  1:>0G.  000  (19S7) 


BEST  SOURCE  Of  ADDH  ZONAL  4  MORE  DETAILED  INFORMATION 


LARGE  SCALE 


MEDIUM  SCALE 


(1  26.000  4  LARGER)  J  (i  2*.  001  -  {  I&0.  000) 


SMALL  SCALE 


(I  >00.001  ANDSMAL 


15C^EBE1355BBS|^E3!!|jjGl!131Ij5j5  XTQ3S3 


CR1  A 

K*  NCH)  coma: 


»AhLf  NU  £ 

A*  LA 

IABL1  NO.  ) 

TOPOGRAPHIC  AND  PvANWETRIC  MAPS 

U  » INCH)  CONGO 

GEOLOGIC  MAPS 

1 

\Nu  IJA  *  I  Of  u;L5! 


\P_  t  SIAIL 
-S.  i--  h  LAI'  LR* 


MEDH  V  Sf  AU 


Pf  Rf  I.S  I  AMM)A1»  Of  l_ATI-5T  COVERAGf 


LARGE  SC  A  Li. 


MEDIUM  SCALE 


main  holding  agencies 

*! .  bUU^u  Geograptu«(U«  NaUasaU 

( l)  United  Sestet  Army  Map  Strtut 

tit  hit,  rue  de  Greselle 

*40C  Brook*  Laav 

)*iiu  -  T* ,  1  ra,< 

Wt  thing  toe,  D.  C  20024 

1  2,  Serviw  Cie»«  rt  pbiquc 

Bra$*aviLl«,  Conga  Krpubl.t 

MAIN  HOLD!  <G  AGENT  ICS 


MDutctua  4«i  Uimi  •!  4*  U  Geoiogi* 
B.P.  2124 

fcnuinlU,  Republic  si  Coe|o 


Snull'Kilt  is  1:200.000 
UtHun-'Kilt  is  I  100,000 

Lt*  j«-tc*lc  IS  1:40,  000  (A  M  S.  Series  GO?  1  photocnap* 
jiruCucra  in  19*2 >*3) 


There  is  dctsiM  mapping  for  ctrUM 
1:20*.  000.  1:100,  000  is!  1:40.  OOC. 


BEST  SOURCE  OF  ADDS  lOYAL  4  MORE  DETAILED  INFORMATION 


UNESCO,  'Joccsnent*  Service,'  1963.  A  Rente  ol  the  Niluril 

Rtierrtii  od  the  Afr.c..*;  Conun^sf  Columbia  Umiv.  Press,  New  York. 

4»  ?. 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


UNESCO,  htlcnitiosil  Documents  Service,  1943,  A  Review  mi  the  Natural 
Resocices  of  the  African  Ceeunent:  Columbia  bait.  Press.  New  York. 
437  p. 


AREA 

{BELGIAN)  CONGO 


TABLE  NO.  1 

AERIAL  mOIOGItAPHY 


PERCENT  AND  DATE  Of  LATEST  COVERAGE 


LARGE  SCALE  |  MEDIUM  SCALE  I  SMALL  SCALE 


li  10.000  AND  LARGER)!  (1  10. 901  >  I  30.O00I  |  4 1  >0. 001  AND  SMALLER >| 


1940  I  (7 }  15%  I  1954 


CONGO,  IELGI AN 


MAIN  HOLDING  AGENCIES 


(1)  Metitut  G/o»r*ph*5«e  de  C»f 
44,  Av.  Vs lcke-Laopeldville 
B.P.  3044 
Lewpatt  -iUe-KaUaa 
Republic  at  the  Ceago 


- Ths  Be  if  m«  C— go  is  ipprcsosihly  04%  covered  by 

serial  photography  let  which  the  scale  is  oat  gifts. 

The  24%  small-scale  coverage  indicated  above  ctstuts 
of  phctcmosaics  at  a  scale  ot  1:49.000.  ll  is  peehahls  that  the  actual  ps reset 
ol  the  are*  covered  ay  small-  scale  photography  te  mack  higher  then  u  ftm 
here. 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


!as*it«t  Geographies  du  C«s|o.  Cstslogws  sa  l"r  Jaavier  1941. 


{»*  CONGO 


GkOtOGIC  MAPS 


LAXt.L  SC  At 


MJ  UO*»  4  LARt  »  Ml 


L\M-  t  X  A  1.1 

*.  »*  *  AM.*  LAK  ,»  X  i 


Attil  ,•  uiLHA  .t 


Ml  1>|1  M  Si  ALl 


(I)  Uditut  CtO|P«piiv^M  d-i  Co&fo 
Av.  Vtlc k* •  Ltupoldvtllt 
B.P.  lOftft 

Leopoldville -Keii  tv* 

K*l>ubli(  oi  IW  Conjy 


MAi'^  HOLDING  AG1  \C  US 


It)  Mimtltr*  dee  Mine#,  d*  1*  ro«r|i*  *1  d*  l«  Geologic 
LcotiiAdriUf,  Republic  oi  the  Congo 


Ih«  i  <ciJf>  w  165*  (yttJti  At  1  2,030,  000  end  *t 


m»u  rupptn^  le  to  be  dua<  *1  ecslc*  vl  I:S0.  000,  1.100,  (hK> 

l.iW.  CC'C,  ti  (‘>rdui|  l»  |jt«l  trqiirrnwali 


nur  source  or  additional  4  more  detailed  information 


UNESCO.  Ini  emetic  .*!  Document*  Service.  !»bJ.  A  Rene*  of  tbe  Niluu! 
kfriourtf^  o?  :N*  Afnc at  Continent  Columb.A  Univ.  Pre**.  New  York. 
4S?  p. 


BEST  SOURCE  Of  ADDITIONAL  *  MORE  DETAILED  INFORMATION 


UNESCO.  Inle 

Reeonrcer;  tA  ■ 


Service,  I%5,  A  Rev 
l-  CoIutrLii  Ciiv.  Pre 


>f  tm  N*ti 
New  York 


TABLE  NO.  4 


(Belgian i  CONGO  |  SOILS  AN0  LAM)  CAPAilUTY  MAPS 


AREA 


(BELGIAN)  Co'« 


TABi^Mx  a  VEGETATION.  IAN0  USE, 
ECOLOGY  AND  fOREST  INVENTORY  JAAPS 


PERCENT  and  DATE  Of  LATEST  COVERAGE 


mmmu 


l»  TV  ©CO  4  LARGER) 


SMALL  S<  ALe 

«:  ioo  CO.  »  «.ou.'or.. 


PC i* CENT  AND  DATE  .i»F  LATEST  COVERAGE 


LARGE  SCALE 


U  2S  3i0  ft  LARGER , 


MEDIUM  SCALE 


1  -I  iOO.OC 


SMALL  SCALE 


(.  .00  t»Ci  ANDSMALLE 


MAIN  HOLDING  AGENCIES 


)  uT  a  complete  net  A  puMuted  (uUi  id  wr j»uiijo  nvipi 
I.NEAC 

I,  i> client 

BruiMit,  Belgium 


BEST  SOURCE  OF  ADDITIONAL  ft  MORE  DETAILED  INFORMATION 


AERIAL  PHOTOGRAPHY 


PLRcEM  ASU  UATE  OF  LA  I  LSI  COVERAGE 


t  l  to  uv»o  ASO  UlUXi  I .  i«.  00  J  i  t*  0, 


1UAU  SC  ALL 
•  l  >0  OU  A‘-D  SMALLt.fi 


I  mo 


GABON 


MAIN  HOLDING  AGI  SOILS 

(I)  PVototfc^u*  NiUotait 

UstUut  Geogr.pha^w*  N«ttowl« 
life  bi*.  ?*ae  4*  CnmU* 

P«m  •  7  .  F  raw* 


TW  nn*U-K4k  photography  u  *t  1:50,  000. 
Tb#  oMf'ium  *(*!•  ia  1:?  5,000 


BEST  gOUKt  OF  ALriTlOKAt  »  MOPE  DETAILED  tNFORMAl  IPX 
W«*  of  A»n*l  Photographic  Cotaraf* 

Pbotoju^Hk  ft«r->rd*  1*4  S»r«u*i  Oimio* 

AtiooaiiUul  CW  h  latormaUc*  C«*ur 
Uute4  State*  Atr  Fore* 

2m  fc  Areeaal 

SI.  Laua,  Mutagn  6Hlt _ _ _ 

Sium,  Kirk  H- .  tH),  World  Air  Pkoto  C&avraf*.  15*0:  PkoCo^raix *Mtm 
E*tute4fi*c.  v.  XXVli.  AO.  1.  p.  t)4.a:. 


TABLE  NO.  £ 


TOPOGRAPHIC  AND  PlANIMETRlC  MAPS 


SMALL  nU. 


IAKU  NO.  ; 


GEOLOGIC  MAPS 


PERCENT  AND  DATE  OS  LATEST  COVERAGE 


LARGE  SCALE 


MEDIUM  SCyvLE  |  SMALL  SCALE 

sc  .x-o  an»>  large**;!  * t  *c  .■  :  }  »•  *‘o  .  ».»k>  w 


MAIN  HOLDING  AGENCIES 


{ t)  ioMuu  Gto^npMqiat  Nahoaal* 
13*  k>»,  ru*  dt  Grmllr 
Pan*  -7*.  F raact 

U)  Service  GrognpkiqiM 

BraxzaviUe.  Coaga  Republic 


!!)  Ihmtu*  4m  Urn* 

II  P  57t 

Ltbrerui*-,  Sabo*  RepevLe 

t  Z*  Uaiked  Stetei  Arm*  Map  Service 
fciW  k»TO»*  L% 

W*eh**gt««.  O.C.  Z9C15 


BEST  SOURCE  OF  ADDITIONAL  t  MCKF  DI-TaILEO  INFORM  A1 


UNESCO,  lateri**!  »•>*»*  1  !>x  aura's  5<  'ntt,  *5*3,  A  Rev  of  :fc»  ’-Mttwr*! 
Resource*  vf  li*e  African  Cor.'hrrtt.  Ctet*.mb.a  tS<».  Tv***,  }<<*  Terr. 


Tkrrr  :«  w  nm»  area*  at  ctaU  *  ?j 

;aoc.?c?.  i;isc.so>  *;*$. cow. 

r*»M  -•  f  lowiaje  d  lie  *  <*>Cfy  »t  iiti<<  Teryinj 

ire**;  i:!A44ct*  »;«*»,$•>*.  n«c<  /«**M  •*  iTM. 

rfoftbexr*  Cuba*  ud  Roof*  »rj^j*  art  a. peered  «»  i  ■JJS,  • 
Sor*t  CmIta'i  b*w.  »»»  lb*  lialujvin-  vegw*  ate  ce«rcre«:  cl  aft. 

W»aKs^  'Vim  tl  .-artfirt  .1  «->*3  tev 


WEST  SOURCE  OF  AXMM»KBI\ft.  C  UCR*  OK  V/JLED  l*F&**iATSO-* 


iNtruirual  tbrtKMM*  Servase,  >^1.  ft  ©f  tr*  Vttvt) 

Xhcid;  •?  tbe  MrW»  C«etrf*-v.  C^ynbc  Dc_v,  F»««9.  «j*»  fj|L 

«?v. 


t— - - - 


ARFA 

TABLE  NO.  4 

GABON 

SOUS  AND  LAUD  CAPAIIUTY  HAPS 

PERCENT  AND  DMt  OF  UTM7  COVERAGE 


t  LARGE  SCALE 

MEDIUM  JCAt.E 

SMALL  SCALE 

<>  JA.00C  4 

LARGER 1 

1  001 

!  lCb.000) 

11  .0''.00i 

1  CO..  1  ’i'‘t 

MAIN  HOLDER  AGENCIES 


u>  U»««4  Suwi  Amy  M#p  S*nrtt# 
4V»  Brook*  La** 

Wtt^U|t>a,  f>.  C.  «02* 


REMARKS 

This  country  i»  100%  C2»«f*<)  At  «*!«<  earytng  from 
iJ»,  000  to  1:3,  000.  000.  Ut«*t  coverage  ui  lfel. 


BOTSOWC  £  or  ADD! T 1  ON  AL  A  MOc.C  DFTAILED  LNFORMA  l.QS 


j  AREA 

i  able  so.,  v  VEGETATION  LAND  USE 

1  GABON 

ECOLOGY  ANO  FOREST  INVENTORY  MAPS 

PERCENT  AND  DATE  OF  LATEST  COVERAGE 


LARGE  SCALE 

(ID  000  4  U  HC£»> 

MEDIUM  SCALE 

(i  2S.0C1  :  ioc.on» 

?HA  LL  S 

( I  too.  001  A 

CALF 

\D  SMALLER 

ico; 

l*»2 

MAIN  HOLDING  AGENCIES 


REMARKS 

Sm<il«>tcalc  Cuveri|t  n  a  lore  si ry  map  At  1:1.000.000.  a  ad 
vegclaii.'n  rrjpi  a'.  1:1.  000,  G00  and  1:4.0 00,000 


BEST  SOURCE  OF  ADDITIONAL  A  MORE  DETAILED  INFORMATION 


GAMBIA 


AREA- 

GAMBIA 


table  no.  I 


AERIAL  PHOTOGR/rHY 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


LARGE  SCALE 

MEDILM  SCALE 

SMALL  SCALE  | 

t|  10  000  AND  LARGER* 

<i  SO.  CO l-l  ii  0001 

1  1  P  AN 

Li  SMALLER » 

- 

- 

100% 

im 

100% 

I'M* 

MAIN  HOLDING  AGENCIES 

f’l  Directorate  oi  Ovcr**a«  Survey* 
Klajitu*  Road,  Tolnorth 
Surbiton.  Surrey.  England 


Small-scale  photography  u  1:40.000. 
Medium  ki)«  i*  1:30.  O00. 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 
Index  ui  Aerial  Photographic  Coverage 
Photographic  Record*  and  Service*  Division 
Aeronautical  Chart  h  Information  Center 
United  State*  Air  Force 
2nd  t  Arsenal 
St.  L«m*.  Missouri  431  It 


Stone.  Kirk  H. .  IH1.  World  Air  Photo  Coverage.  1H0: 
XXVII.  ...  ^  ..  1U-W. 


Phot  ag  r  aiwm  trie 


428 


X. 


AM  A 


TAB!  F  ‘.O  £ 


TABLE  \U,  l 


ACRIAl  PHOTOGRAPHY 


TABLE  NO  £ 


TOPOGRAPHIC  AND  PtANIMETRlC  MAPS 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


PERCENT  AND  DATE  Of  LATEST  COVERAGE 


LA  RLE  SCALE  I  MEDIUM  SCALE 


(t  SO.OOC  AND  LARGER)!  t*  tC.OOI-i  »0.  OOOl 


SMALL  SCALE 


4.  »G  oo  AND  SMALLER  | 


( TR1ME  T) 


MAIN  HOLDING  AGENT  IES 


ID  Otr«(lor*u  ot  Ov«tM4«  Simfi 
Kingston  Road.  Tolwofth 
Xrbtton,  Surrey.  England 


REST  SOURCE  OP  ADDITIONAL  A  MORE  DETAILED  INFORMATION 


IM«*  <4  Aerial  Photographic  Coverage 

FkxognpkK  Record*  m4  Service*  Oimtna 

AtroaMUcaJ  Chart  A  lalorntOcn  Center 

United  State*  Air  Force 

2nd  A  Arsenal 

Sc  lout.  Missouri  Di  It 


SHH 


LARGE  SCALE  I  MEDIUM  SCALE 


li  SO.  000  A  LARGER)  lu  50.00i  .  |  l 00.  000) 


FOLDING  AGENCIES 


ID  Survey  of  Ghana 
P.O.  Bob  1^1 
Accra,  Ghana 

!2)  Directorate  of  Oversea*  Survey* 
Ki*|*toe  Road.  To! worth 
Sirou-e,  Surrey,  Ecgland 


-  The  only  large-scale  mapping  consist*  at  sheets  prepared  for 

the  Volta  Dam  project,  and  55  one  ant  cured  sheets  covering  an  area  cast  of 
the  Volta  and  south  of  latitude  A*  JO'S.  The  large-scale  cover  indicated  is 
D  O.S.  Series  G75 I  at  1:50.  00C. 

Small-scale  com  rag*  is  A.M.  S.  Series  G504  a*  1:250,000. 


BEST  SOURCE  Of  ADDITIONAL  A  MORE  DETAILED  INFORMATION 


UNESCO,  international  Documents  Service,  1905,  A  Rent*  of  the  Natur 
Resources  of  the  African  Continent:  Columbia  Univ.  Press,  New  York, 
437  p. 


Catalog  of  Mapa.  Geodetic  and  Topographical  Surveys 
Directors.*  of  Overseas  Surveys 
Kiegaton  Road,  Tul  worth 
Surbiton.  Surrey.  England 


GEOLOGIC  MAPS 


TABLE  NO.  4 


SOILS  ANO  LAND  CAPABILITY  MAPS 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


LARGE  SCALE 


I.  50  000  AND  LARGER » 


MEDIUM  SCALE 


MAIN  holding  agencies 


ID  Geol  »IC*1  Survey  Department 
P.  O.  bon  M  «0 
Ministry  Branch  Post  Office 
Accra.  Ghana 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


SMALL  SCALE 


II  25.00C  h  LARGER)  |  (I  25.001  •  1  100.000)  I  ||  100,00)  I  50U.000) 


Basic  mapping  of  Southern  Ghans  is  sow  be  tag  published  as  quarter* 
degree  sheet*  at  a  seal*  of  l.tl,  500. 

Coverage  of  Chan*  is  complete  at  1:500.  000.  1:1.  000.  000  and 
1:2.000.000  in  HH.  1955  and  I9b2.  respectively. 


Soils  are  covered  at  1:1.  500.  OOO  and  1  ii.  000,  000  by  Ghana. 
Great  Scale  Grasps  mapping  us  1950  and  :4n2,  respectively. 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


UNI -SCO.  International  Documents  Serv.c*.  19b),  A  Rmr*  of  the  Natural 
Resource*  of  the  African  Continent.  Columbia  Umv.  Press.  New  York. 
4)7  p. 


3 


(XOIOCIC  MAPS 


IVORY  coast  I  SOILS  AND  UWO  CAPABILITY  MAPS 


PIHU'CT  AND  OATl  Of  LAILST  COVER AG* 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


LARGE  SCALE 


MEDIUM  SCALE 


t.  SO  M»t>  AM)  LARGER  )|‘ I  SO.OO»  .  2*>0  00 


MEDIUM  SCALE  I  SMALL  SCALE 


MAIN  HOLDING  AGI  NCII4* 


(I)  fhrcctiMi  d*  U  G(olo|i«  *l  d*  U  Prospectio*  Muuttc 
B.P.  13<* 

Abidjan,  (vary  Co*  at 


in  addition  to  100  p« rc**c  coverage  at  scale*  oi  1:1,  000,  000  and 
1:500.  000,  inert  i*  detailed  mapping  <4  certsia  arcai  at  1:200,  000, 
1:100.  000  and  1:50.  000. 


.  T  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


r  dESCO,  lnitrratlootl  Document  a  Service,  1963,  A  Review  of  the  Natural 
Resource*  of  the  African  Continent:  Columbia  Univ.  Presa,  New  York. 
4>'  p. 


PERCENT  AND  DATE  OF  A  TEST  COVERAGE 


LARGE  SCALE  I  MEDIUM  SCALE 

ti  10.000  AND  LARGER) I  fl  1C.OC1-J  10.030) 


MAIN  HOLDING  AGENCIES 

(I)  Directorate  of  Oversea*  Scmyi 
King  at  on  Road.  T<4*'itte 
SarhUin,  Surrey.  England 

U)  Director  of  5unw/» 

Survey  of  Kenya 
P.  O.  Boat  30044 
Nairobi.  Kenya 

REMARKS  Series  SH4S  E  and  5K41  F  at  agency  I*; «rc  afea  x^eiay 

airphoto  cover  of  Kenya.  Each  l*  ic  two  «se*t»,  a.'tlt  and  SK41  £ 

a  bow*  "large-scale'  air  pbo«ograp**c  «e»r  to  November  (acaies  down 

to  1:25, 000}.  SK41  F  ikeu*  *  imili-titl/’  air  ptwra^raphic  :c*er  ;«• 
November  1963  (scales  of  1:30,  000  and  |  The  i  aver  iKuve  baa  been 

done  by  the  R.  A.  F ■  and  by  contract  photography. 

Neeny  all  off  Kenya  has  news  pS'-U-graptwd  ttece  JV54  at 
scales  varying  iron;  idC,  ©5f?  t-»  1:10,990. 


BEST  SOURCE  Or  ACBSlfONAL  6  MORE  DEI  AILED  IHr  ORMATit>N 

index  of  Awtsl  Pbctograpktc  C-nsisj* 

Photographic  Retetii  end  Services  iXvtr.-^k 

Aeronautical  Cfcar'  i  Islcmtiura  Laxter 

United  Nates  A:r  F >r*e 

2nd  h  Arsenal 

St.  Louis,  Kkk«:i  43HS 
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IWOCfiAPH  C  *H0  OLANIMtratC  MAPS 


Pf?‘  t'-*  Ah*.*  JX.  T  t  '_*)  i.\ 


MAIN  HOLDlht..  ACLSt  its 

I  U  Su»**jr  ai  Kenya 
V.  O.  Bo*  10044 
N*uoi.,  IU»)« 

I  j)  OirtcioUt*  jt  Cv«iM*i  ttimyi 
Kut|i'oa  Road.  Toiwortb 
Surbitat,  Surrey, 


l  ARt.L  b<  ALE 


MUHIH  S'  ALf 


M  nt.o  ASI)  LAFu.l  Ml  t  i.  Sli  Vi*  ,  **-*  .*oT, 


v.AiN  itui  disc,  a;  esc  its 


01  Mw*  and  Gt.i-.gn. «1  Department 

Muuitry  ->l  Caaa»rc»,  J-xluairy  and  CamnwnuatiMi 
tVet  J&0O4 
Nairobi,  Ksaya 


Urf«>K*U  mapyu|  u  Survey  ui  Kray  a  <0.0.  S.)  Y  /J1 
S*mi  at  1:50,  000  Medium  »caUr  la  (0.0  S.)  Y  a  33  Se ini  at  1:100.  000 
Small  seal*  is  (O  O.  S.)  Y.  503  Strut  at  1:250.  000. 


TWrt  arc  43  puhiicM  tbtt'.t  o l  a  modern  urttt  z4  gwarter -degree 
sheets  at  a  scale  ol  1:125,000. 

The  Atlaa  at  Hear#  ccaUat  a  geological  map  of  Kroya  at  1:3.  O0C.  000 
compiled  by  ths  Survey  of  Kenya  ta  1454. 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


UNESCO,  International  Document*  Service,  1463,  A  Revie*  of  the  Natur 
Resource*  of  the  African  Continent  Columbia  Univ.  Press,  Net*  York, 
437  p. 

Catalog  c4  Map*.  Geodetic  a  ad  Topographical  Survey# 

Directorate  of  Ottrttat  Surveys 
Kingston  Road.  T  oi  worth 
Suxb.toa,  Surrey.  England 


BEST  SOURCE  Of  At;  PIT  ION  AL  4  MORE  DETAILED  INFORMATION 


UNESCO,  International  Document#  Service,  1963.  A  XtTkv  of  the  Natural 
Resource*  of  the  African  Continent:  Columbia  Univ.  Press,  New  York, 
437  p. 


SOILS  ANO  UNO  CAPABILITY  MAPS 


tabu  wo.  »  VtOTATlON.  LAND  USE. 
ECOLOGY  ANO  RMEST  INVENTORY  MAPS 


PEBCENT  AMD  DATE  OT  LATEST  COVEBAGE 


PEBCENT  AND  DATE  OF  LATEST  COVEBAGE 


LARGE  SCALE 


MEDIUM  SCALE 


11  25.000  4  LARGER!  I  (1:23.001  •  i  100. 000) 


SMALL  SCALE 


(1:106,001  AND  SMA 


MAIN  HOLDING  AGENCIES 

(  1)  Directorate  ol  Overseas  Surveys 
Kingston  Road,  To! worth 
Serb  it  os..  Surrey,  England 


The  Milt  of  Kenya  are  mapped  on  A  Provisional  Soil  Msg  td  East  Africa 


St  ill.  OdO.  090  by  G  Milne  et  al.  published  in  1434  by  the  East  African 
Agricultural  Research  Station.  Atnasi,  Tanganyika. 

The;*  i#  also  some  soil  mapping  of  Ktay.  at  1:50.  000. 


Vegetation  of  the  coudry  ta  ahown  on  a  map  of  Eaet  Africa  at 
1:4,000,000,  published  by  agency  (1). 


IQUSCK  or  ADDITIONAL  »  MORE  detailed  information 


Directorate  d  Overseas  Surveys,  Vegetation  Map  of  East  Africa. 
Scale  1:4.900.000:  D.O.S.  (Misc.)  244E. 


TABLE  SO.  •  V£C£TAT10N,  LAND  USC. 


MADAGASCAR 


ECOLOGY  AND  FOREST  INVENTORY  WAR S 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


LARGE  aCALF 


MEDIUM  SCALE 


SMALL  SCALE 


(i  2S.OOO  4' LARGER)  I  (i  21.001  >'  100.00?)  I  1 i  lOy.  001  AM<  SMALLER 


MAIN  HOLDING  AGENCIES 


There  is  s  for* st  msp  «t  Msdagascar  st  «  seals  oi  1:1.  000.  000  sad 
•  r*|cUtiua  msp  to  three  sheets  st  1 i 1 ,  000, 000*  Csrtc  late rasticasl  da 
Tapis  Vc^etsl. 


BEST  SOURCE  OF  ADD1TIONA.  \  MORE  DETAILED  INFORMATION 


MOZAMBIQUE 


TABLE  SO.  1 


AERIAL  PHOTOGRAPHY 


TABLE  NO. 2 


MOZAMBIQUE 


TOPOGRAPHIC  AND  P1ANI METRIC  MAPS 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


LARGE  SCAlE 
S :  ;0.  CV,  AND  LARGER  I 


MEDIUM  SCALE 


SMALL  SCALE 


II  JO. OOi  AND  SMALLER i 


MAIN  HOLDING  ACETIC .‘ES 

(H  PiMlo^upiac  Records  sad  St;*uo  Divitios 
Aeronautical  Chari  A  Into:  mat  too  C«ot--r 
U sited  Su'jva  K't  Force 
sad  k  Araensi 
$C  Loots.  Missouri  t>31l» 


PERCENT  AND  DATE  OF  LATEST  COVERAt  . 


LARGE  SCALE  I  MEDIUM  SCALE 


(I  SO  000  «.  LARGER)  |u  SO.  00!  -  I  .00.  <K 


SMALL  SCALE 
li  100  00|  -  I  see.  0001 


MAIN  HOLDING  AGENCIES 


(I#  Owrms  Ministry 

(Jams  4ti  Missoes  Geo  graficas  •  d«  Lmitt{i^ot*  do  Ultramar) 
Lisbon*  Portugal 


(2)  Mis sso  G#«f  rat  lea  da  Mof  ambsqut 
Lswres^o  Marques.  Mozambique 


As  ol  ail  rtl  Moc>mLk(ise  mi  scheduled  to  be  covered  by 

aerial  fnotography  ot  uatju-rxn  scale.  o>  1944. 

Approximately  Sff*  sn  also  s<  bed  tiled  to  be  covered 


Small-scale  cover  »s  la  part  (SO*.)  tW  A.M.S.  Series  Y4G1 
at  1:500.000. 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INI  ORMATION 


lodes  st  Aerial  Photographic  Coverage 

Photographic  Records  and  Services  Division 

Aeronautical  Chart  and  IslomuUos  Center 

United  States  Air  Force 

2nd  k  Arsenal 

St.  Louie.  Missouri  431  It 


BBEI^^^E535gMg^^33gISBEIZainSBR 


UNESCO,  International  Documents  Service,  I9il,  A  Review  of  the  Natural 
Resources  of  the  African  Continent:  Columbia  Univ.  Press.  New  York, 
437  p. 


MOV 


439 


70P0CMPHJC  AND  PUMJKfitlC  MAPS 


LARGE  SCALE 

1  l  SO  «»*»*  4  LAfcGf  V‘ 


(U  federal  Survey  oj  Nt{«rh 
S  Talaw*  U*)«W4  !^u«r« 

Lijui,  Nigeria 

(2)  Directorate  of  Oversea*  Surrey* 
Kingetou  Huad,  faiuorth 
Surbiton,  Surrey,  f  cjlkivd 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFOPMATiO*; 


UNESCO,  !n(frn*tii.iul  IXkurhM*  Stmc*-,  Kt),  A  Vevlcv.  *>f  tKv  Viturai 
Rtsutirfc:  jf  (h»  African  Ct>«‘*infnt:  (  o!umb>-  v.‘n>v.  **»•«*>  Nrv  Tom 
437  p. 

Catalog  erf  hUpi,  Ccodcuc  nod  Top«|ripIuat  S*my* 

Directorate  of  Cvtriui  Surveys 
Kin|  ii.n  R.im,  Tol worth 
Surbiton.  Surrey,  Ei^Uad 


TABLE  NO.  4 


SOUS  AND  LAND  CAPABILITY  MAPS 


PERCENT  AND  DATE  OF  LATEST  COVET. AGE 


LARGE  SCALE  I  MEDIUM  SCALE 


I  *  i'y.WK  4  LA  1; GET  > 


SMALL  SCALE 


,001  *  I  100.  >0Q»  j  tl  ltti'.oot  -  1  Sou,  _<>-/» 


Th*r»  i*  *  pronnaMl  *o» j  nup  of  MtgttP.  at  a  K*k  of  1:5,  700.  000 
by  the  Survey  Osptrtmrrt  of  Ni|«m,  cwnpUra  i»  1152. 


BEST  SOURCE  OF  ADDITIONAL  »  MORE  DETAILED  INFORM.  ' 


fABLl  Sw  i 


GEOLOGIC  MAPS 


MAIN  HOLDING  AGENCIES 


1 11  Geological  Surrey 
Private  Bag  iuS7 

Kadwa*  Junction 
Nortbm  Hi(«ru 


Nigeria  t»  »00%  t  imid  At  atalee  of  1  i,0CG,OW,  l:),bOO,WO 
A*.*  |:S,  COU.  btXs  la  195-4.  1151  u<l  19S7,  r«ap*c?&v«iy .  beak  a  of  tulSO,  OOO 
1:100.  0{K-  and  1:55,  000  have  rw  b*ea  adopted  for  baaic  mapping.  Percent 
of  arc*  conrcd  by  ueb  u 


BEAT  $c*V  RCE  CF  ADDITIONAL  4  MORE  DETAILED  INFORM*  7  TO* 


UNESCO,  lrj«.r***t:©rt*5  Dot urmutt  Service  l9t*3,  A  *y,  ?*«•  Namsal 

Mt»o-.rc;i  o!  Ht  Airuir.  Cobtiaect'  Col »«xr b in  Unr v.  Pm»,  N«»Yc>>, 
437  p. 


table  sgj  WtGtTAHOH  lAI^USf, 
tCOLOGY  AND  F0KS7  INVOUOBY  MATS 


PEPGENT  .TND  TATE  OF  LATEST  COVERAGE 


LARGE  SCALE 


S  CU0  N  LARGER* 


MSDTUM  SCALE 


TVS'  i-l  »SO.OOO> 


SMALL  SCALE 


AND  SMALLS 


TMtf  i*  a  wjeutto*  m«p  Jtif«fi  at  1:3.  W.  dC£.  Yukv* 
Iwrur;,  i{riuli«r»I  Lae  «t*t*Ur"  naps  «&t«>  at  1  :J,  MC.OM. 


W  SOURCE  or  ADOIT>0£-L\L  4  MORE  DETAILED  jjirOFMATION 


3 


rzv 


lAftLf  NQ,  £ 


TOPOGRAPHIC  AMO  PlANIMETRlC  MAPS 


GEOLOGIC  MAPS 


PMCf.T  AND  DAT*.  Of  LA  T EST  CUV ER AGE 


LAR^E  SCALE 


MEDIUM  SCALE 


(I  *0.000  4  LARGER )  I  I  *0  OOJ 


SMALL  SC^LE 

l  joo  Oft  \oo  uvu 


MAIN  HOLDING  AGEM  !RS 


'  )>  Department  at  Tit|wonMtrK«J  sad  Topographical  Sirr*)i 
GoNiiiMri  oi  U*L*i 
Zomba.  MiU** 

( Z1  Dirtctouo  ot  Or«rM««  Surveys 
Ku^»t«a  R  o*4,  1  ol  worth 
SurkUoa,  Surrey.  C«|!«at 


PERCENT  AND  DAT*  o*  LATEST  CGkLKAGI 


LARGE scale 


MEDIUM  SCALE  I  SMALL  SC  AL* 


l  SO  «CC  AND  LARGER }| 1 1  SC  on 


4AIN  HOLDING  AGENCIES 


ID  Geological  Survey  Depart  me  at 
P.  O.  27 
Zctnbt,  Melee i 


At  the  end  of  Mn»  *tM«u  of  e  iederal  urwi  be  Mg 

prepared  by  ageacy  (I)  conrtt  nearly  all  of  Xyasalaad  at  1:210.  000 

Large -aca!*  towuj*  >•  D.  O.  S  Series  2742  at  i  :SO,  COO. 


v  HyiMLftf  ii  100%  covered  at  1:1,000,009. 

feaatc  mapyuag  is  published  a*  quarter -degree  sheets  at  i 
•«**«  oi  i:100,  000.  Percent  oi  area  covered  is  unho->wn 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 

UNESCO,  International  Documents  Service,  IfiJ.  A  Revie  »  of  the  Natural 
Resource*  of  the  African  Continent  Columbia  L'ur.  Press,  Sr*  York. 
417  p. 

Catalog  oi  Maps,  Geodetic  and  Topographical  Survey* 

Directorate  oi  Overseas  Surveys 
Kingston  Road.  T:4  worth 
Surbiton.  Surrey.  England 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


UNESCO,  Internationa!  IXr  ;rwn!»  Vrncc,  A  Review  of  the  Natural 

Resources  of  !*•<  African  Cont  inert  Columbia  Ur.:v.  Press,  New  York, 
417  p. 

Pet-oleum  Developments  and  Generalized  Geology  of  Africa  and  Middle 
East  Monger  hfaj.  <W>ok.  SWi  West  Doulesard.  Ui  Argeles  41, 
Gah'orr..a,  October  14«>0.  IlSp. 


TABLE  NO.  4 


SOILS  AMO  LAND  CAPABILITY  MAPS 


VCGHATIOM,  LAMD USE. 
ECOLOGY  AMO  PORES!  INVENTORY  MAPS 


PERCENT  AND  DATE  CF  LATEST  COVER  ACE 


LARGE  SCALE 


t‘  2S.90v  4  LARGE*  1 


MEDIUM  SCALE 


SVUU  SCALE 


i  E1.0CI  -  !  109.000)  ]  (1  100. 00;  -  I  SOU.  090) 


percent  and  date  of  latest  coverage 


MEDIUM  SCALE 


SMALL  SCALE 


The  coectr j  is  cover 
lit.OOC.0O0.  published  us  1440 


1  ~y  a  p'c.imiuary  sol  imp  at 


The  Atlas  ai  the  I  ede  ratio*  oi  Raodesta  acd  Nu-saLapd  cosiats* 


a  vegetatin®  map  of  the  country  at  1:2.  100.000 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


AREA 


TABIE  NO.  1 


PORTUGUESE  GUINEA 


***  rt:r.tjrSE  guinea  i  A£RIAl  PHOTOGRAPHY 

_ I _ 


PUCf  *  I  AND  DATE  Of  LATEST  COVERAGE 


LARGE  SCALE 

MED't-M  SCALE 

SMALL  SCALE 

n  io.  jov  and  larger  » 

tt  *t  00 |. > 

10  S00»  1 

(}  10.  roi  A'- 

D SMALLER > 

100% 

w 

(TR1MET) 

100% 

104? 

MAIN  HOLDING  ACESCItS 
(1)  Cmrtut  Ukititrjr 
Lisboa,  Portugal 

iil  PMogrtfAu  Record*  txt  Sttncti  Dmnaa 
AtroMMUul  Cbi.'t  k  Ulonniiioa  Ctkt*r 
UitUd  Suui  Air  Fore* 

2  ad  k  AtmuI 

St.  LiMtt.  MiiMwn  A>1  It 

REMARKS 


PEST  SOURCE  or  AI*PlTIONAL  k  MOKE  DETAILED  INFORMATION 
Udci  ot  Acrul  PhotagrtfkK  Co*tr*|« 

Patxograpktc  RttcH*  Sarmti  Dmnaa 
Atroa«tttu«l  CUrt  k  Ulormatioa  C*aur 
I'utcd  Suu *  Air  Fore* 

Ima  k  AfHMl 

>*  Lout*.  Missouri  43  21ft 


1  ART./. 

— 

TABLE  NO.  i 

[  PORTUGUESE  GUINEA 

TOPOGRAPHIC  AND  PIANINETRIC  WATS  j 

PERCLNT  AND  DATE  OF  LATEST  COVERAGE 

|  LARGE  SCALE 

MEDIUM  SCALE 

SMALL  SCALE  | 

1 1  S0.0©n 

LARGER: 

n  so.ooi  .  i 

;oo  ooo» 

II  lCO.f*OI  - 

1  SO©  0MI 

I0O% 

n 

- 

- 

100% 

19©4  <?) 

MAIN  HOLDING  AGENC1E 

(l)  Uaitad  S»a»c *  Army  Srrvicr 

4$C0  Brook*  Laa* 

W*llu*|tnl.  D-  C. 

(2>  Ovtrmt  UiaUtrr 

Ucata  da*  Mihom  Gvograflcas  • 
Ltakoa.  Portugal 

d«  bmti|i(OM  d©  Ultramar) 

REMARKS 

IU XL  000 

Small* scale  co«mp  i* 

u  part  A  M.  5.  Seri**  GS04  at 

1  BEST  SOURCE  OF  ADDITIONAL  k  MORE  DETAILED  INFORMATION  \ 

UNESCO, 

Resource.' 

«>•  P- 

Imcnuituai]  D*:aw:>l»  Serv.ee,  1943,  A  Review  ©*  tNe  Nat'-al 
©f  tNe  African  CiV  iticnl:  Col«t>bu  Uai».  Pro*.  Nc*  York, 

AFEA  I  TABLE  NO.  1 

Portuguese  guinea  I  GEOLOGIC  WAPS 


PERCENT  AM>  PATE  OF  LATEST  COVERAGE 


large  SCAL-L 

MEDIUM  SCALE 

I  SMALL  SCALE. 

^  *-4  eye*  and  LARGER) 

*  t  SO.  00  *  -  »  2*0.000} 

c  2*0  001  - 

ITS.0OO 

1*0% 

19S4 

ma:n  housing  acescio 

(M  S»C|2«  C«o!o|U  «  Mimi 
C«ca  Postal  JW 
tim«,  Porta|«MCiaM 


REMARKS 


PortagMM  ClvaM  11  IW  paresat  cot»r»d  at  a  acala  o4 

1:1.000.  000. 


PEST  SOURCE  OT  ADDITION  AC  k  MORE  DETAILED  INFORMATION 

UNESCO,  It  :Rr-Jtvowi  Docwcteti  !HJ.  A  the  Natural 

IrmKirx'M  ©f  tlx  Africa**  CottHKCt:  CalerWi  Rrt>*.  ?•:!. 

*n*. 


ALftiAL  PHOTOGRAPHY 


mtlM  AM)  DA  Tl  Gl  LATEST  COVER  At.  t 


LARGE  SCALE  j  MEDIUM  SC  ALL 

l~  >0.'ivVANi>  LARGER)]  <•  .C.Oej-i  50  U70» 


SMA1  t  SCAit 
-i  r-.Wi  AND  JM  tLU>i 


SURRA  LEONE 


MAIN  HOLDING  AGENCIES 

(H  Directorate  of  Ohimu  Surveys 
Ktaido*  Road.  I  Mwortb 
Surbtoe,  Surrey. 


Small'ictU  ;ov«rs|*  is  at  in.^rit^c;  type 


PEST  SOUfcCE  or  ADDITIONAL  4  MORE  DETAILED  INFORMATION 

lsdtx  of  Acrul  Photog  raptoc  CoMrijc 
Pho(o|U|tk>c  Irtort*  aad  Services  Otvt»i-e 
Acrouo(X*t  Chert  4  laisrtmtiae  Crater 
United  State*  Air  Force 
St.  Loutn.  Uuroun  4)118 


SIERRA  LEONE 


TAP-LE  %0.  2 


TOPOGRAPHIC  AND  PLAN  METRIC  MAPS 


r  *  HLE  NO.  1 


SIERRA  LI  ONE 


GEOLOGIC  MAPS 


PERCENT  AND  DATE  Of  LATEST  COVERAGE 


LARGE  SCALE 


ti  40  0^0  4  LARGFRt 


MEDIUM  SCALE 


*o.  w*  i  .  i  oc.  oo«i 


SMALL  SCALE 

:  joo.ooi  .  vjv.oooi 


MAIN  HOLDING  AGE'  CIES 


(1)  Directorate  ut  Overm*  Survey* 
Kt«|ito»  Road,  T ol worth 
Surbiton.  Surrey.  Eagle  ad 

(2|  Survey  aad  Lauds  OtyertmM 
Cover eme a*  ot  Sierra  Leo— 
Freetown.  Sierra  Leone 


PERCENT  AND  DATE  Ol  t-ATEST  COVERAGE 


LARGE  '*CALt 


MEDIUM  SCALE 


t.  so .00*‘  AVr,  LARGER >1  ‘  t  SO  OO*  I  2*9.  W 


MAI*.  HOLDING  AGENCIES 


(I)  C«ulogtcal  Survey  Cryertaaet 
F rMtoeu,  Sv»'»  Lee— 

iii  Di/ec*  orate  o!  Ovu '  if  Survey* 

Kingston  Road.  ToleotA 
SurMoe,  Surrey.  England 


Small-scale  snapping  ts  it  part  AMS  eerie*  0504  e'jcfc  cover* 
70S  ot  S err*  Leoae  at  1:250.900.  All  oj  the  couatry  t*  covered  by  eta 
eheet*  of  the  Ved  African  D.O.S.  eerie*  «t  the  same  ecalu.  The  country 
i*  ale*-  completely  covered  by  ill  form -lined  *he*t*  at  1 41, 500  hy  Agency 
(2E 

Large- e< ale  coverage  ie  D.O.S.  eenue  G742  at  1:50.009. 


PEST  SOURCE  OF  ADDITIONAL  4  MORE  DEIAILL  j  INFORMATION 


UNF.NCO,  intrru:.<.i\l  IXff  rnc'.:»  5t  -\  ?,*,  l^M,  A  Review  of  the  Natural 
Resource*  of  t*c  Vru«r  Cf.irrrl:  Co'*  l*r.:v.  Pres*.  New  Turk. 

<57  p. 


Surra  U»*>  >•  1« %  covered  at  scales  of  1:509.000 
aad  1:1.000.900  (D.O.S.  [CCCL)  1120). 

D.O.S.  (GEOL)  11J4.  at  1*50.000.  1*42.  »•  large -«jie 


PEST  SOURCE  OF  ADDITIONAL  4  MORL  DETAILED  INTOPMATIOV 


UNESCO,  lntrrr.2l«nal  IbturvrSf  Serr  ce.  1*4).  A  Review  of  the  N*«ura1 
Resources  ©f  ’he  Africa**  CoatiMM  CoIjtiW  Untv.  prm.  New  York, 

4)7 

Ci’tltf  of  Maps,  Geodetic  aad  Topographical  Survey* 

Direct  *ate  of  Oversea*  Survey* 

Kia|*to*  h  %<  ToJ#ar:fc 
SuttutvQ.  far  re  y.  laglaad 


^§if§ 


t 


LLtRI 


API  A 

■vtrc  I  niS’^  a<< 


TAM  I  NO  2 

TOPOGRAPHIC  ANU  PLANIWtlKiC  «U?S 


HI  PC  I  SI  AND  DA  1  I  *  I  LA  I  LS  l  <  OV  l-HAt.l 


LAP<.I  St  A  LI 
«  *.0  0#«*  A  LAPt.l  p  . 


MLDUM  S<  A  LI 

l»l*  1  ,t»*>  •■)«(»> 


SMA  i  t  si  I 


MAi S  HQt  DING  A<.|S<  IIS 

(I)  I  ede ral  Department  of  Trigonometrical  and  Topographical  Survey* 
Saltsboly,  Rhodesia 

12)  vfliltd  State*  Army  Map  Service 
bSO 0  Brook*  Lane 
Washington,  D.  C .  2002$ 


By  the  end  of  I9$9,  three  sheet*  oi  a  nee  federal  eerie*  at 
1  2S0.00O  had  been  published  for  Southern  Rhod*»ia. 

A.  M.S.  Sene*  Z442  at  ILS00.000  rover*  a.1  cf  Rhcde*:* 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 
UNESCO,  Inten.  iLona)  Sovunrrt*  ccr*-<e,  1°63,  A  P.ev-.c*  of  t^«  Natural 
R<  source*  of  th*  Af-»c*%  Contu-crt.  Columbia  Unit,;  Pres*.  N  e  York, 
437  p. 

Catalogue  of  Map*.  Chart*  4  Aerial  Photograph*  tend  Supplement*),  l’HiS. 
V  *tr>  of  Mine*  and  Land* 
epartment  oi  the  s  .rveyor  General 
F.O.  Bo*  «>*». 

Causeway.  Rhode *ia 


Ahl  * 

SCAJ  ?Hi  u’~ 


GEOLOGIC  MAPS 


p|_R.  I  N  J  ANJi  DC  I  L  OI  :.fi  ff*M  c  C»\  |-R  A‘  I 


LAM.t  S<  Al  l 

.  '  .  *  «  AND  LAM  )  »* 


VEW  V  Sf  nLI 


SMAL1  SCALl 


VAIV  not  use,  A«.r  nc.:?.s_ 

I.)  Geu^uai  Survey  Ol!u* 
B<«  *037.  Cas.ee*. ay 
V.utM),  Rh'*de»ia 


REMARKS 


Vsathcra  i*  *  (SC  jurreett  to/ered  at  a  ttair  s 


i&ar*  jf  iniMfaluto  *rr«i,  meudy  at  *ra)ea  ai  IrIJy.diXl 
and  1:|00.  0^0  are  pu  .ithed  *il>  y^lxusi  v‘>  *»*>  y  (1). 


BESI  SOI  f*CL  Of  ADDITIONAL  4  V.O* I-  DETAILED  INFORM ATIQN 


UNESCO,  Jrtersat  .«•-*!  Dos  o-v-.b  ?-erv««e.  Kil,  A  Rev-.e*  o*  :N'  Natural 
R«  **urta*  of  the  Afr.car  Ccn.ts-er*  Col -mb..'  Ur.*v.  Prtv*.  \cw  vt: ), 
437  P. 


**K 


£3 


~F 

l 


AREA 

SOUTHERN  RHODESIA 


TABLE  NO.  4 

SOILS  AND  LAND  CAPABILITY  h'APS 


PERCENT  AND  DATE  OI  LATEST  COVERAGE 


LARGE  SC/  LE 
tl  2*.  00C»  4  LARGER) 


MEDIUM  SCALE 

(1  2$. 001  .  1  100.000) 


SMALL  SCALL 

•  i  ioo. oc:  -  »  soo.'oo) 


MAIN  HOLDING  AGENCIES 


REMARKS 

The  country  ta  covered  at  a  kcale  of  1:2,  $00.  000  by  a  soil*  map 
in  the  Atla*  of  the  Federation  of  Rhode *ia  and  Nya*ataad. 


Th're  i*  »l*o  a  provisional  soil*  map  of  the  country  at 


1.1. 000.  COO 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


AREA 

SOUTH!  RN  RHOO*  *5A 

table  so.  i  VEGETATION.  LAND  USE. 

ECOLOGY  AND  FOREST  INVENTORY  MAPS 

PERCENT  AND  DATE  OF  LATEST  COVERAGE 

LARGE  SCALE 

11  2  000  4  LARGER! 

MEDIUM  SCALE 

11  2$.0CI-»  100.009) 

SMALL  SCALE 

ll.l4U.03l  avdsmalle* 

•  00% 

1041 

MAIN  HOLDING  AGENCIES 


REMARKS 

The  country  i»  covered  by  an  «gr t -ec logical  survey  »-  l^fel 
by  the  Mauitry  '4  Agriculture,  tad  b_,  a  re ge tafia  map  at  1:1,30-;  S00  M 
the  Atla*  >1  the  Federation  i4  Rh-vdr *u  and  Xy*tul*ad 


BEST  SOURCE  Of  ADDITIONAL  4  UORE  DETAILED  INFORMATION 


449 


«c WKkW.^-4. 


AtRlAi  PHOTOGRAPHY 


pH»UAl  AND  DATL  v'f  (.O 


,  1  i‘J  **M.  AMI  LARGER 


m  vs  moldiv.  agencies 

(•)  Sudan  Survey  Uc^irtMirc: 

Miflittr)  i>l  M^nrt*:  Ai »  >.t«rn 

?  o  tv*  »** 

K )  ^ ■  >utt  ,  SydAft 


btSJ  SOURCE  OF  ADDITIONAL  4  MOKE  DETAILED  lNtOKMAHON 
Index  oi  Atrul  Phoiofripbu  Coverage 
PhMu|Upluc  Record*  «cd  Stfrv.ee*  3svi»iwi 
Arr<MUutic*l  Chart  In  Information  Center 
United  Sate*  Air  l  orce 
Itxl  k  Ar**tul 
St.  Lout*.  Mi**oun  63118 

Soar.  Kirk  H  .  1961  World  Air  Photo  Core  race.  I960:  Pdotogrammetric 
Eniinctnni.  v.  XXVII.  no.  i.  t».  i  14-227 


TAB1  E  .O  £ 


TOPOGRAPHIC  A HD  PLAN! METRIC  MAPS 


I  A  ML!.  NO.  * 


MAIN  MOLD «NG  At.ENCIFS 


(1)  Sumy  D.pir.rwiit 

Knartovtm.  Sudsn 


GEOtOGIC  MAPS 


PERCENT  AND  DATE  OF  LATEST  COVER  ACE 


LARGE  SCALE  MEDIUM  SCALE  SMALL  SCALE  j 

4  SO  00f.  AND  LAHGF.P1  'MO  W  .  I  ^A.OO'o  I  .J^O  r-f,|  ,  .  r.fm  mio»! 


MAIN  HOLDING  A' 


I  )  Geological  Survey  Department 
Uuutry  >i  Mineral  R«- tourer  a 
Box  410. 

Khiftoem.  Sudan 


BEST  SOC*«  t  OF  ADDITIONAL  4  MOH Y  DF  T  AIL  t  D  IN*  -RMAtiO 


Jntr-Jlt^j  JX«U"5'T*k  V»,  ef  ’  *  *.  \  po  »  t>f  !*<•  N 
fcfiouru*  o;  t*  e  Alrmi  to»-»  •  **':  C  oV.**  *  *  i  r  v  1*7%  »■%.  *'*'  -V, 

4)7  p 

$<.■<13  S*.r .»?  Depnrttrew,  1  at  T  >*r*»g  **  "A  «al  Mar*.  1 


The  Sudan  -j  iOOTi  covered  at  1:4,000.000 

Part  of  the  lane  mapping  program  la  to  he  a  geological  map 
of  thr  Sudan  at  1:1.000.000.  no*  la  proceaa. 

Baaic  mapping  on  a  aiaie  r.:  1:2S0.  000  i»  alec  progreaawg. 


BEST  SOL  RC F.  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


*>\=re-v^Ps7'» 


TABLE  NO.  5  VEGETATION  LAND  USE. 
ECOLOGY  AND  FOREST  INVENTORY  MAPS 


LARGE  SCALE 

i‘.  £,  000  4  LARGER) 

MEDIUM  SCALE 

li  J5.0CI  1  1OC,O09| 

SMALL  S 

11  ,fiv  00  >  A 

CALE 

Mi  SMALLER 

10-rtr 

1444 

t-LRCLM  AM)  DATE  OF  LATEST  COVERAGE 


MAIN  HOLDING  AGENCIES 


REMARKS 

The  wftUUvA  ol  t be  >  ciuAtr)  is  m- */yt< «.  at  1:4.  009. 00C 
(duiUa  Surwy  iX psrlrrwa.  I -)S4) 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


;*£3?4>afe‘Si 


TANGANYIKA 


LARGE  SCALE 
(1  10.000  AND  LARGER) 

MEDIIM  SCALE 

u  IC. 001-1  1C  000) 

SVALL  SCALE 

o;»  1  AND  SMALLER  1 

!  LARGE  SCALE 

(1  SO  COU  J_ARCER> 

MEDIUM 

•1  50  05.  -  i 

SCALE 

CO, 000» 

SMALL  SC  A 

:  i  too.  oc: 

LE 

,  sco  :.w  • 

155. 

1455 

100  % 

1454 

> 

145* 

45* 

)Wt 

AREA 

TANGANYIKA 


TABLE  NO.  l 


AERIAL  PHOTOGRAPHY 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


MAIN  HOLDING  agencies 

(1)  Directorate  n‘.  Cv* r hi •  Sarrr)* 
Kjsja.oft  Rotd,  To* worth 
Surbiton.  Surrey.  England 


REMARKS 

The  uiiof mitten  abort,  ->n  percent  covtr*|«  at  various  scales. 
IS  taken  Irom  source  (1)  Source  U)  states  tLat  approximately  50% 
ol  Tanganyika  is  covtrtd  at  unknown  scales 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  IMORMATION 
(1)  Index  ol  Aerial  Photographic  Coverage 

Photographic  Records  and  Services  Division 

Aerc ia uticai  Chart  h  information  Center 

Uuitci4  States  Air  horce 

lad  k  Arsenal 

St.  Louis,  Missouri  b311l 

<2>  Stone.  Kirk  K.  IHI.  *  or  Id  Air  PhrJti  Coverage.  I4b6:  Photogram- 
metric  $a£inecriag,  v  XX VD.  no.  Z.  »,  114-U7. 


AREA 

TANGANYIKA 


TABLE  NO.  Z 

TOPOGRAPHIC  AND  PlANf4£7RIC  MAPS 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


MAIN  HOLDING  AGENCIES 

1 1 )  Survey  Division 

Ministry  ol  Lands.  Forestry  and  WiJdlue 
Dar  ea  Salaam.  Tanzania 

<21  Directorate  ol  Overseas  Surveys 
Kingston  Road.  Tolworth 
Surbiton.  Surrey.  England 


Large-scale  mapptc^  i»D  O  S.  Series  Y*4l  at  l:W,  O00, 
Small-scale  mapping  is  A  M.  S.  Series  Y401  at  1:500.  l>00 


PEST  SOURCE  OF  * PtMTIQNAL  4  MORE  PET AU  ED  INFORMATION 

UNESCO,  International  Documert*  Serv  ce,  I9tJ,  A  Reviea  cJ  the  Natur; 
Re»c*.r-cf  of  the  African  Continent  Coiumh»a  Uai*.,  Pro*,  New  York. 
4V*  p. 

Catalog  of  Slaps,  Geodetic  and  Topographical  Survey* 

Directorate  'ji  Overseas  S«r**r: 

Kingston  Road.  Tolworth 
Surhiion.  Surrey.  England 
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1ABLE  NO.  1 


AERIAL  PHOTOGRAPHY 


TABLE  NO.  l 


TOPOGRAPHIC  AND  PUNI  METRIC  MAPS 


PERCE N I  AND  DATE  OK  LA  r LSI  COVLfiAtik 


LARGE  SCALE 


MEDIUM  SCALE 


O  Id,  OuO  A/»D  LARLr.R<|  t .  JC, 001-1  >0  OJ'Ji 


SMALL  SCALE 
■  Hi.Udi  AM)&MALLH< 


MAIN  MOLDING  AGENCIES 


( - )  laalitut  G^og  raphiquc  KaUuoale 
1)6  bis.  iu«  d«-  Gref.*  lie 
Part*  .  7C.  f  ranee 


PERCENT  AND  DATE  Of  LATEST  GOV*  RACE 


LARGE  SCALE 


MLD:t*M  SCALE 


SMALL  SCALE 


*>0  000  4  LARORk.  1. 1  60  00  1  (  i00  0001  |<1  200.  001  i  600  uC0» 


MAIN  HOLDING  A(.lSt  l£a 
(t)  laflltvl  Cc  .  c r.ptuque  ILboiiiS-r 
1)4  bit,  rue  Or  Gres  !  • 

Par:*  -7*.  trance 

(2)  Service  Ccographi^ur  dr  >«k*r 

C.P.  4014 

Dakar.  Siekkl 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  IN)  OR  MAI  ION 


laatitut  Geug raphique  National*,  A unterntnl  cc*  Travail* 
Geography***  a  la  dale  du  l - 1  - 1  *6c :  Pari*  (5  map*) 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


UNESCO,  InW  *r.*«  Ox  Service,  196).  A  P.-yic*  of  tSe  Natural 

R*  court*  «  of  Ue  African  t'onluvert-  Co'unlox  Un*v.  P-ea».  Ne»  York, 

«>’ 

Invt.fut  Gevgraph.*j»e  \*.i>xa!r,  Avanren-er.t  Tmwvh  Geographujura 
»U65»  dul-l-Nt.  Par:.  (6maf<) 


M A 2 N  HOLDING  AGENCIES 

<l)  Dl.ec:. -»n  dr.  Mian  e*  d»  2a  Cr< 
Mua  .tele  on  Uivaci  lN6i.it 
•tX  l/.«o-wr»8.i4ti 

B  P  35; 

Lome.  I 


d  .gw 

Mine*,  Iran*?  r'»,  an  ! 


TABLE  NO.  4 


SOUS  AND  UNO  CAPABILITY  MAPS 


PERCf.NI  AND  DATE  OF  LATEST  COVERAGE 


MEDIUM  SCALE 


SMALL  SCALE 


'  000  6  LARGER)  I  (•  26.001  -  1  1 00. 000 >  I  #!  1 00.001  1  S0«.  CCv) 


In  idCtui  to  100%  coverage  at  scale*  of  1:1,000,000 
and  1:500.000.  there  n  'e»»drd  mapping  <«:  certa.n  area*  at  1:200  :»00, 
1:164  000  and  1*50.000. 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


UNESCO,  Jfticroaunil  DcxuncrSi  Vn.,*,.  1W  ,  A  Rev.**  ©*  •* .  Nat, 

Resource*  of  CNe  Afr.Crft  Cdf»t»r»ei?-  Co)>.*-ih.a  lr,v.  Prcv*.  v  To-k, 
4)7  p. 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


•i  MfrHY****'*'***'1'**^ 


SOUTH  ASIA 


457 


CCOLOCIC  MAPS 


tapi^  no, „>  VICCTAnON.  IAM0USC. 
ECOLOGY  AND  WREST  INVENTORY  MAPS 


PLIU  LNI  AND  t>A  II  Ol  LATLSI  COVERAGE 


LAHOE.SC  ALE 


MEDIUM  SCALE  I  SMALL  $C  AL) 


*  90.060  AND  LAhOKftUM  SQ.OiJi  1250,00..)  I  i>  60!  si  »*<««<•< 


PE  HO.  NT  A  W>  DATE  OF  LATEST  COVERAGE 


LARGE  AC  ALE  MEDIUM  SCALE  SMALL  SCALE 

(«  25.000  i  LARGER)  U  *9.001  1  *00  09*  O  ; 00. 00 1  AND  SMALLER) 


100%  (  I'M  I 


MAIN  HOLDING  AGENCIES 


MAIN  HOLDING  AGENCIES 


SmiU*K«l«  mapping  it  at  1:500.000  on  a  map  covering  Vietnam.  Lao*,  a *4 


BEST  SOURCE  OF  ADDITIONAL  fc  MORE  DETAILED  INFORMATION 
I**4**  to  Geological  Map  of  Vietnam- Lao*- Cambodia.  1:500.000  scale  edition 


BEST  SOURCE  OF  ADDITIONAL  fc  MORE  DETAILED  INTO* MAT »ON 


TAbLE  SO.  t 


AERIAL  PHOTOGRAPHY 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


LARGE  SCALE  I  MEDIUM  SCALE 

<1  <9  000  AND  LARGER)]  (i  iC.OCi-J  30.000) 


!  small  SCALE  I 

n  to.  00 1  AND  SMALLER)] 


MAIN  HOLDING  AGENCIES 

01  Survey  Department  of  Ceylon 
P.  O.  Box  No.  50b 
Colombo.  Cc>lcn 


»<W%  I  1954  (?) 


CtUO* 


>mali  scale  coverage  ta  at  1:40,  000. 


BEST  SOURCE  OT  ADDITIONAL  4  MORE  DETAILED  INFORMATION  | 

United  Nation*  Econorric  Commission  for  Asia  and  the  Far  East.  1940. 
P*oceviinga  t-f  the  United  Nations  Seminar  on  Aerial  Survey  Methods  and 
E*,  .ipment:  Mineral  Resources  Development  Series  No.  12.  Bangkok,  p.24-25 


T  Ahl  E  NO  i 


CHINA  (COMMUNIST) 


TOPOGRAPHIC  AND  PIANIMETRIC  MAPS 


Ht**CEM  AND  DA T E  Ok  LA  I  ESI  COVERAGE 


I  CHINA  (COMMUNIST) 


tablf  vo  .  $  VEGETATION,  LAND  USE. 
ECOLOGY  AND  fOREST  INVENTORY  MAPS 


PE* "ENT  AND  DATE  OF  LATEST  COVERAGE 


LAHCl  SCALt 

».  vo  vuo  i  LARGER) 


MEDIUM  SCALE 


SMALL  SCALE 


LARGE  Sc  \L C  MEDIUM  SCALE  SMALL  SCALE 

2$  W)0  4  LAD  NER l  U  2$  001  -5  »00.  000 i  (»  i 00. 001  AND  SMALLER) 


MAIN  HOLDING  AGtN<  ILS 

(1)  Unit •<)  SUM*  Army  Map  Strm* 
4500  Brook*  Um 
Washington,  D.C.  2002$ 

(2)  American  Geographical  Society 
1561b  at  Broadway 

Tim*  York,  S'*»  York 


MAIN  HOLDING  AGENCIES 


Hon*  Kooy  and  ih#  Ne»  Territorte*  ar*  mapped  at  1:25,000  (GSGS  1..S4H) 
on  24  ihtetn  and  tn  2  at  1.100,000 


The  medium  *cal«  nn?  ia  o i  Hons  K^ng  ano  Nr*  Terr.toriee  at  l;40  000 
and  «a  part  of  T  St  Tregrar’*  Monograph  #  I  Nr  U»»  World  La%ri  U«e  $«r*e 


Small-scale  coverage  ia  Army  Map  Service  Sort**  L500  at  1.250,000. 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 

Map  Depository  Catalog:  United  State*  Army  Map  Service,  Washington.  D.C. 
2002$ 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 


TABLE  SO.  5 


CHINA  (NATIONALIST) 


AERIAL  PHOTOGRAPHY 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


LARGE  SCALE  I  MEDIUM  SCALE 

(i  10.  000  AND  LARGER)!  »-  iC.O&I-J  10.000) 


(SMALL  SCALE  j 

«!  10.  CTO ;  AND  SMALLER)! 


CHINA  (NATIONALIST) 


MAI**  HOLDING  AGENCIES 


The  *ntire  ialar.4  ■*  sovated  a 


ale  of  1.40  #00  *nth  larger  c*ic  photo* 


SS-  *#**2xms*l « 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 

Unwed  Nativn*  Erawmic  O»r*m.»»j05  for  Asia  a«*d  tt*  Far  Eatt.  1440. 
Proceeding*  of  the  United  Nation*  Seminar  oes  Aerial  Survey  Methods  and 
L|u:^m«u:  Uiams  K*aoi«rc*a  D»  Seriea  No.  12  Bangkok. p.  24*2$ 


\  J  J- 


a^a^Jb^^jpa^  ^i».-^feW5*  a*: 


njcodar  clam*  iwOCKAWlC  AND  PIANIMEIRIC  MAPS 


PERCENT  AVD  DA  «  E  OF  LA  II.ST  O'-VLPAGE 


LARGE  SCALE 


MEDIUM  SCALE 


U  SO  00*.  I  LARGER)  # !  SO.OOl  -  l  :oo  OC-l- 


MAIN  HOLDING  AOEVUAi 


I  SMALL  SC/vU. 

(1  i(K>  «(!'  I  SOU  OOOJ 


Small  K«k  MffW|  ll  primarily  Wui  yKfUBft  Sea^Tfevi^atiOMj  CMru 
*t  I:SG0.000  m4  AC1C.  ONC-PC  Serie*  1:500. COO  -  ♦  >*»  A.R  aed  •*>!  B. 


BEST  SOURCE  OF  ADDITIONAL  A  MOKE  DETAILED  INFORMATION 


Pakistan  (east) 


TOPOGRAPHIC  AMD  PlAWMETPiC  MAPS 


TABLE  NO.  ) 


PAKISTAN  (EAST) 


GE01OC1C  MAPS 


PERCENT  AND  DATE  Or  LATEST  COVEPAGE 


LAP LI  «CALE 


MLDP  M  SCALE  I  SMALL  SCALE 
H-SO.tKK>0  LARGER  I  In  SO.OOl  -  »  O0.0O.-I  III  jOO.OOl  -  ISW.WH 


MAIN  HOLDING  A<“  »CIES 


1  (United  State*  Army  Map  Service 
4S0C  Brook*  Lane 
ttashiaftow.  D.C.  2002S 

!)Arr.fr:cM  Geographical  Society 
1  Silk  Sc.  at  Broadway 
New  York.  New  York 


PERCENT  AND  DATE  OF  LATEST  COVERAGE 


LARGE  SCALE 


MEDIUM  SCALE 


I.  SO. 00*  AND  LAS  •I  SO.OOl  .  1-2*0.0001 


SMALL  SCALE 
11  2 so.  001  .  1:1.0 


(1)  Geological  S«my  mi  Pkilnu 
P.O.  Bm  15 


V«*t  Palaiu* 


t  ■  i  j  1 1-  5jB| af<  e  C 53 1  ai  l *  *  j| gj  E g  r  ,i  iS 


**•»  °^~.,,orT  :  3.S.  Ann,  M«p  S»nrtc..  lutl^n,  D.C.  MOB 


AREA 

I  ABLE  NO.  1 

VIETNAM 

NORTH 

CRXOCIC  MAPS 

PERCLN* 

AND  DA  SI  Of  LATEST  COVERAGE 

LA  RLE  SCALE 

MEDIUM  SCALt 

SMALL  SCALl  | 

l  5C  AND  LARGI  l») 

*.  u<*  .y»'  . 

2M»  Ou*»» 

t  *  /Kt,  rtot 

>  * .  » 

100% 

1441 

|  MAIN  HOLDING  Af.LNC 

IS 

1  REMARKS 

Small-scale  mapp  x  *•  *>  1:500,000  on  a  map  covering  Vietnam, 
Cambodia. 

Laos,  and 

BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 

te4ax  to  Geological  Map  c4  Vietnam- Laos-Cambodia  1 :500, 0O0  scale  edition 
1440-1*41 

LARGE  SCALE 

(t  SO.  000  AND  LARGER! 

MEDIUM  SC  _E 

1 1  :t.  00 1  -  i  SO  o>4» 

SMALL  SCALE 

it  M.Wi  AND  SMALLER! 

100% 

•  459 

AREA 

VIETNAM.  SOUTH 


[AbLENO.  : 


AERIAL  PHOTOGRAPHY 


PERCENT  AND  DATE  OF  LATEST  CO  'RACE 


MAIN  HOLDING  AGENCIES 

(II  InntM  G*P|r«pk>qM  National* 
l»»  W».  r«*  de  Crtwllt 
Pari*  7  .  Franc* 

(2)  United  State*  Army  Map  So»-vk* 
•WO  Brook*  Lam 
Washington,  D.C.  20025 


REMARKS 


Stiull-»ul*  ;-)vcrt|r  i*  at  1:40.000 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMATION 

a*. 


United  State*  Arrrv  Map  Service  and  Inatitut  Geograptuque  Nat: a 
Index  Map  tc  A«*i*l  Photo  Coverage.  trean  scale  1:40.000. 


VIETNAM  (SOUTH! 


AREA  TABLE  NO.  Z 

VIETNAM.  SOUTH  TOPOGRAPHIC  AND  PUN  I  METRIC  MAPS 


PERCLN  i  AND  DATE  OF  LATEST  COVERAGE 


1  LARGE  SCALE 

MEDIUM  SCALE 

SMALL  SC/ 

LE 

1  I  SO  01*1 

LARGER: 

(1  40. 0A|  .  I 

*K|0| 

•  !  {(!•>.  tali 

i  -ou  «»(»>; 

74% 

1945 

100% 

Pre-l*S4 

100% 

1944  Cl 

MAIN  HOLDING  AGENCIES 


(1)  fostitet  G^ograyAiqe*  National* 
IM  U»y  ret  4*  Crenelle 
Parts  7  .  France 

(2)  United  State*  Army  Map  Service 
4500  Brook*  Lane 
Washington,  D.C.  20025 


REMARKS 

Medium-scale  coverage  is  official  French  government  i«nn  at  1:100,000. 
Small-scale  coverage  is  AMS  aeries  L509  at  1:250.000 

Large-scale  coverage  is  AMS  sen*.*  L405  at  1:25.000  and  L70I  at  1:50.000. 


BEST  SOURCE  OF  ADDITIONAL  4  MORE  DETAILED  INFORMA  ,70% 

Map  Depository  Catalog 
U.S.  Army  Map  Service 
Wathiag*— ,  D.C.  2C025 


472 


OCEANIA 


^SsSM- 


iww; 
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end  with  an  indication  of  the  military  security  classification 
of  the  information  in  the  paragraph,  represented  as  (TS),  (5). 

(C).  or  (U). 

There  is  no  limitation  on  thr  length  of  the  abstract.  How¬ 
ever.  .he  suggested  leng  h  is  from  150  to  225  words. 

14.  KEY  WORDS:  Key  words  ire  technically  meaningful  terms 

or  short  phrases  that  characterise  a  report  and  may  be  used  as 
index  entries  for  cataloging  t’>e  report.  Key  words  must  be 
selected  so  that  no  security  classification  is  required.  Iden- 
fiers.  such  as  equipment  mo</el  designation,  trade  name,  mili¬ 
tary  project  code  name,  geor  raphic  location,  may  be  used  as 
Vev  words  but  will  be  follov  ed  bv  an  indication  of  technical 
contest  The  assignment  of  links,  rules,  and  weights  is 
optional.  _ 


t 


? 

I  £ 

S' 


K 


i| 


UNCI.ASSIFIED _ 

Security  Classification 


